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Front cover shows various 
stages in the production of a 
printed circuit board at Exacta 
Circuits Ltd. Photographer Paul 
Brierley. 


IN OUR NEXT ISSUE 

Chatterbox^ a simple 
speech synthesizer. This 
hand controlled elec¬ 
tronic model of the 
acoustic properties of the 
vocal tract will titter 
recognisable words and 
phrases. 

Measuring spectrum 
use. Space and time as 
well as bandwidth come 
into this method of mea¬ 
suring the efficiency with 
which radio services use 
the spectrum. 


Solar heating control. A 
differential temperature 
controller based on a 
recently available trans¬ 
ducer. _ 


Current issue price 40p, back issue] 
(if available) 50p. at Retail and 

3bn StT. Available bh microfilm:’ 


By post, current issue bbp, back' 
issues (if available) 50p, order and 
payments to Room 11, Dorset 
House, London SE1 9LU. 

Editorial, & Advertising offices: 
Dorset Hobs'e, Stamford Street,, 
London SE1 9LU. 

Telephonat: Editorial 01-261 
8620. Advertising 01-261 8339. 
Tslograms/Tolox: Wi)A:orld Bis- 
nespres 25137 BISPRS dT| 
Cables: Ethaworld, London SE1. 
Subscriotion rates: 1 yearjE7.pO^ 
UKantJ S23.40overseas(f24 USA' 
^nd Canada). 

.Student rate: 1 year, £3,50 UK 
and £4.50 overseas (.$11.70 USA 
and Canada). 

Distribution: 40 Bowling Green 
Lane, Londbn EC1R ONE., 
Telephone 01-837 3636. 
Subscriptions: Oakfield House, 
Perrymount Road, Haywardsg. 
Heath, Sussex. 'RH16 SDH. 
Telephone 0444 59T 88, PI4ase 
notify a change of address. 

USA mailing ageribs: Expediters of 
the Printed Word Ltd, 527 Madison 
Avenue, Suite 121 7, New York, NY 
10022, 2nd-class postage paid at: 
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The world over' 
You get the 
best service 
from Haltron 


For high quality electronic valves, 
semiconductors and integrated 
circuits - and the speediest service - 1 
specify Haltron. It's the first choice of ; 
Governments and many other users 
throughout the world. Haltron product 
quality and reliability are clearly 
confirmed. The product range is very, 
very wide. And Haltron export 
expertise will surely meet your 
requirements. Wherever you are, get 
the best service. From Haltron. 


Hall Electric Limited. 
Electron House, 

Cray Avenue, St. Mary Cray. 
Orpington, Kent BR5 3QJ. 
Telephone: Orpington 27099 
Telex: 896141 


Haltron 


036 FOR FUR I HER Oi ‘ 












[levelQ multitester type TM11 


ELECTRONIC 



AC V, I & dB 

DC V, I & NULL 

RESISTANCE 
LEAKAGE at 3V 
VOLT DROP at lOmA 


RF VOLTS 
HIGH VOLTS 
HIGH CURRENT 
TEMPERATURE 


120 BASIC RANGES 

50hV/ 500V fsd, 50pA/500mA fsd, -90dB/+50dB mid scale. Acc.±1 .5% fsd above SOOmV & SOOpA. 
Response 3H^200kHz above SOOpV and 500nA. Input R = lOOMO on volts. 

150pV/500V fsd, 150pA/500mA fsd, polarity reversible. Acc.+l .5% fsd above SOOpV & SOOpA. 
Input R = lOOMO on volts. S Null ranges have centre zero lin/log scale covering +4 decades. 
0.2CV10GO in 7 ranges, polarity reversible. Low test voltage for solid state circuits. , 

Uses 3V source with current ranges to test capacitors, diodes and resistance up to lOOGfi. 1 

Uses 10mA source with voltage ranges to test diodes, LED's and resistance down to lOmQ. ■ 


30 OPTIONAL RANGES 

0.5V/500V fsd, lOkHz/IGHz, using RF Probe. Price £2 
1 .5kV/50kV fsd, AC/DC, using HV Probe. Price £1 7 + 

1 .5A/50A fsd, AC/DC, using Current Shunt. Price £16 + 
-150°C/-t500°C fsd in 7 ranges using Temperature Probe. I 


4 + VAT. 
VAT. 

VAT. 

Price £39 + 


The Instrument operates from a 9 volt battery, life 1000 hrs., or, AC mains when optional Power Supply Unit Is fitted. 

Size is 240mm x 150mm x 80mm. Weight is 1 .75 kg. Meter scale length is 140mm. Leather case is available at £14 + \ 


LEVELLI 


ELECTRONICS LTD. 


MOXON STREET, BARNET, HERTS., ENGLAND, EN5 5SD. 
TEL: 01 - 449 5028/440 8686 
WW-tWUtOHtL trl HtK Ot TAILS 
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Can you believe your Ears ? 

Pick a wizzed up record ; play it loud; and 
most Hi-Fi gear can be made to sound 
impressive - at least initially. In fact you’ve 
only to go to a hi-fi show to find that nine out 
of ten have to play it that way to get any 
effect at all. 

But what happens when you turn the volume 
down a bit? Are the strings relaxed and 
silky? - or do they all have clenched teeth 
like a bunch of amateurs struggling with a 
difficult bit of Hindemith? Does speech at 
natural level sound like a real person? - or 
are his fricatives in a twist ? - Is it believable ? - 
or is it all rather a caricature? 

Listen carefully, you'll have to live with it 
long after the honeymoon. 

For further details on the full range of 
QUAD products write to : 

The Acoustical Manufacturing Co. Ltd., 
Huntingdon, Cambs. PE 18 7DB. 

Telephone: (0480) 52561 

QUAD 4 

for the closest approach to the original sound 

QUAD is a registered Trade Mark 
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the Ultimate 
Hnlti-mate 

WhatotherDMMoffersaUthis 


It's easy to see why Philips new PM 2517 digital 
multimeter is called The Ultimate Multi-mate. 

No other DMM comes anywhere near its 


combination of laboratory performance and handy 
form - for such a handy price. Take a look at some 
of the features it packs in. 


Full 4-digit display giving higher resolution than 3 V 2 digits Small and sturdy construction makes this DMM ideal 
for 80% of measurements. Parameter readout, too. for bench or field work. 



Choice of LED or LCD display - choose the one that suits you, 
the price is the same. Mains unit supplied free with LED version. 


True RMS rather than 
"average" detection. The 
Ultimate Multi-mate 
measures non- 
sinewave AC signals 
more accurately. 


High accuracy - 
necessary to make 
full use of those 
four digits. An 
impressive 0.2% 
of reading ±0.05% 
of scale onM.c. 
volts. 


Current to 10A 
via a separate 
input is 
standard, not 
optional, on 
the PM 2517. 


Overload protection 
that is so comprehensive you 
have to try very hard to do any 
damage, even vvith mains and TV 
booster voltages. 


Ergonomic design allows it to 
work in any position 

without fuss or fumble. 


Autoranging with manual 
override. Average auto 
response time less than 
two seconds. 


Low-cost 
temperature 
ption makes 
issible 


Data hold option 
means that in 
tricky situations 
you can "freeze" 
measurements for 
increased operator 
safety and convenience. 


Built to international 
standards - you name them 
and the PM 2517 meets them. 
But what else would you 
expect from an international 
company like Philips? 


The Ultimate Multi-mate is available 
from Wessex Electronics Ltd., 114 -4-16 
North Street, Downend, Bristol BS16 5SE. 

Tel. (0272) 571404; Rank Radio 

International, Watton Road, Ware, Service Centres ( phone 01 -686-0505 

Herts. (Tel: Ware 3966); and Philips for the address of your nearest branch). 


Test & Measuring 
Instruments 


It can also be purchased from the U.K. 
marketing organisation 


Pye Unicam Ltd 

(a fJl 2 px 

^ Tel C^mbfulofi (0223)58866 Telex 817331 


PHILIPS 


^FURTHER DETAIL.S 
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GenRad's 
Top Trio... 

... a low cost/high performance 
range of pP-based bridges 


GenRad's new range of oP-based 
bridges make full use of advanced 
technology to meet tomorrow's 
testing needs today. Check the 
list of features, and contact 
us for further information, 
price and delivery. 


The 1657 Digibridge 

* Automatically measures R,L,C,Dand Q 
0.2% Basic accuracy 
Five-digit display for R, L and C 
iigit display for D and Q 
croprocessor-directed ranging 
Selectable test frequencies of 
120Hz (100 Hz) 



GenRad Ltd 

Bourne End, Bucks. SL8 5AT 
Phone (06285) 2 6611, Telex 848321 


GenRad 


WW—098 FOR FURTHER DETAILS 



















everything for the modern D.IY electronics enthusiast 


more. 


[nT miss OUT! SEND BOp NOW! 

lAPLiN ELECTRONIC SUPPLIES 

P.O. BOX 3 RAYLEIGH ESSEX SS6 8LR 
Telephone: Southend (0702) 715155 
Shop: 284, London Road, Westcliff-on-Sea, Essex 


POST THIS COUPON NOW FOR YOUR COPY OF 
OUR 1979-80 CATALOGUE PRICE 75p 


■ Please rush me a copy of yout 280-page catalogue 
as soon as it is published (8th Jan. 1 979) 

I enclose 75p, but understand that if I am not completely 
satisfied I may return the catalogue to you within 
14 days and have my 75p refunded immediately 

NAME_ 

ADDRESS___ _ ,u. 
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\6u always performbettBr 
with the r^t equipment 


SIMONSIDE WORKS-SOUTH SHIELDS-TYNE & WEAR NE34 9NX Telephone; SOUTH SHIELDS (0632) 566321 Telex: 537227 


The Ferr«^raph L<^c 7. 

A transportable tape recorder of unriralled facilities; 
taking all spool sizes up to 27 cm, and pro\1dJng 
three speeds, plus positive action push buttons in 
association with logic circuits... for fast, safe tape 
handling under all condlUons. 


Combines in one easy to use compact instrument the 
measurement of gain, noise, frequency response, 
input sensitivity’, output power, distortion and the 
parameters relating to recording equipment, such as 
w’ow and flutter, crosstalk, drift and erasure. Its 
range of application can be extended even further bv 
the addition of the Auxiliary’ Test Unit AWT 1. 


NEAUUEmkKiRVPH 

TOTAL TAPE TECHNOLOGY 


With Neal Ferrograph you get the right equipment for 
the job, and the best in its class. A go<xl formida for 
success, of which you can be assured even’ time vou 
choose from the fully - integrated range of specialist 
recording and ancillary’ equipment in the NEAL 
FEfeOGRAIMI range. 


TheAEAL302. 

Incorporating a 3-motor mechanism, controlled by a 
full solid state logic system actuated by ultra light 
touch buttons, this is the machine used by top 
recording studios and broadcasting stations, for 
quality’ cassette copies and for in - cassette 
duplication masters. 


studios 

Aprofessional studio tape recorderloglccontrolledfor 
superb tape handling characteristics, 
offering a choice of stereo, twin track 
and full or half track mono heads, 
PPM or \T: meters, lEC(CCIR) 
or NAB equal Isa tlon, console 
or transportable mtxiels. 
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Crellon: 

NQl for RCA solid State 
andinddSbiaiTlibes. 


When you're the No. 1 distributor for RCA 
you've got to be good-big on stocks, big on service, 
big on technical know-how. And when you're handling 
Industrial Tubes as well as solid state devices 
you really need to be on your toes. The range is 
tremendous-everything from CMOS to Vidicons, linear ICS 
to Lasers, Power transistors to led's, op Amps to 
Image Intensiflers, Microprocessors to Photomultipliers. 

crellon are at the top because they put it 
all together under one roof. With some essential help 
from very knowledgeable in-house engineers and highly 
qualified sales engineers. Plus a large computer to 
keep control of the stock and deliveries-and provide 
you with fast information whenever you need it. 

Call Crellon when you need RCA Solid State or 
Industrial Tubes-you'll find it pays to go to the top. 


Crellon Electronics Ltd., 380 Bath Road, Slough. Berks. Tel. BurnI 


WW—0l72 FOR FURTHER DETAILS 
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r!?n 


PORTLAND HOUSE, COPPICE SIDE, BROWNHILLS 




MSI 6800 

with 8K Ram. 

KIT £375 


NEW SWTPC 6800 

Level 2 

KIT £300 


FD8 FLOPPY DISC £935. BFD68 MINI FLOPPY £522 
SOROC 1Q120 TERMINAL £699 ASS. 

CASSETTE INTERFACE KIT £18.95 

Send S.A.E. for full brochure 

STRUMECH ENG. ELECTRONICS DIV. BROWNHILLS 4321 
SOLE U.K. DISTRIBUTOR FOR MSI 8i SMOKE SIGNAL BROADCASTING 


-042 FOR FURTHER DETAILS 
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Inspect our products 
to help you Inspect yours 

Equipnoent production and componentguality go hand in hand. 

The need for reliable instruments to assist in controlling the quality of your 
incoming components is critical.This is why Avo instruments are among the most 
widely specified in the UK. 

Our quality never faltersThis is well reflected in the range of instruments 
shown above;ElectrolyticandTantalytic Capacitance Bridge.lkHz Component 
Comparator 100kHz Component Comparator Analogue Limit Detectors. DC Wheatstone 
Comparator Bridge and our Breakdown (AC/DC) and Ionisation Tester.The Avo 
range goes even f urtherthan this, with instruments designed 
for R+D and servicing applications. 

So,if you're looking for reliability in your own 
products,take a look atthe reliability in ours. 


Avo Limited 

Archcliffe Road,DoverKent, CT17 9EN 
Tel:(0304) 202620 Telex:96283 

lit Ttx»riMeasurement&Corr(X)nentsDiv^ 
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dissatisfied 
with your 

SOIIN0? 

Non-Linear Phase? Crossover Roughness? 
Capacitor Re-actance? Unbalanced Outputs? 
Bass Loss as Low Power? 

Contented JORDAN-WATTS Loudspeaker 
users know nothing of such problems — they 
enjoy fatigue-free clean natural sound from 
their amazing single metal daphragm 
full-range JORDAN-WATTS High Fidelity 
Loudspeakers. 

With 4 out of 5 emigrating to ease the balance 
of payments JORDAN-WATTS Loudspeakers 
are sometimes hard to find, but the reward is 
years of pleasure. 



Service delays? Not with JORDAN-WATTS 
Instant Exchange Service. 

Send stamps for illustrated brochure and 
D-l-Y details to: — 


Jordan-Watts Ltd., 

Benlow Works, 

Silverdale Road, 

Hayes, Middx. UB3 3BW 
Tel: 01-573 6928 





Doram Electronics Ltd 
PO Box TR8. Leeds LSI 2 2UF 

Please send my FREE Hobbies Catalogue. (AVAILABLE LATE SEPT I 
I enclose 25p contribution to p. & p. 


Address.. 


DAMITI 


Doram Electronics Ltd 
PO Box TR8, Leeds LS12 2UF 




Overseas customers (except for N. Ireland)-60p 
including despatch by Air (or all-up post). 




WW—068 FOR FURTHER DETAILS 




TRANSDUCER and RECORDER 

AMPLIFIERS and SYSTEMS 



reliable high 
performance & 
practical controls, 
individually 
powered modules— 
mains or dc option 
single cases and up 
to 17 modules in 
standard 19" crates 
small size—low 
weight-realistic 
prices. 




49/51 Fylde Road Preston 
PR1 2XQ 

Telephone 0772 57560 


Fylde 

Electronic 

Laboratories 

Limited. 


WW—043 FOR FURTHER DETAILS 
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Mix quality 
with quality 


• •• 


It makes no sense to record with top grade 
microphones and tape deck . . . only to lose 
quality at the mixer. So the Soundex 1300 
is your clear choice. Signal-to-noise figures 
are excellent and overload margins avoid 
distortion even in the loudest passages. 
Stereo facilities make sense too . . . one- 
knob gain control for a stereo pair, and 'pan' 
controls for another two mics. Frequency 
response is 20 to 20,000 Hz, but ask us for 
a data leaflet with all the impressive figures. 


Bulgin Electronics 

One of the Bulgin Group of Companies 
Park Lane, Broxbourne, Herts. Tel: Hoddesdon 64455 

WW-125 FOR FURTHER DETAILS 




Intioducing the ORYX PSU24 

a new compact self-contained 24 volt power supply unit 
for ORYX temperature controlled soldering irons. 

styled in tough plastic, the ORYX PSU 24 is a smart new supply unit that is self-contained and small 
enough for the smallest of benches. Designed to meet BSS 3456 the ORYX has all thefeatures you 
need - and more:- ON/OFF illuminated rocker switch; 3 pin non-reversible socket supplying 
24 volts; a BSS 3535 transformer; an outside primary fuse; 1,5 metre white cable to BSS 6500 and 
fuse protection for transformer secondary wiring. 
unique feature is the facility to modify a 3 wire power system to a 2 wire fully isolated unit and vice versa. 

A new product from Greenwood Electronics 

For full technical data write for information to Greenwood Electronics, Portman Road. Reading, RG3 1NE Telephone Reading (0734) 595844 Telex 848659 


WW—031 FOR FURTHER DETAILS 
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WW—037 FOR FURTHER DETAILS 


METER PROBLEMS? 



137 Standard Ranges in a variety of 
sizes and'stylings available for 10-14 
days delivery. Other Ranges and 
special scales can be made to order. 

Full Information from: 

HARRIS ELECTRONICS (London) 

138 GRAYS INN ROAD, W.C.1 Phono: 01/837/7937 

WW—048 FOR FURTHER DETAILS 


SELF-BUILD 

KITS 


AT BREADBOARD '78 

SEYMOUR HALL, LONDON, W.1 
21-25 NOVEMBER, 1978 


SEE THE KITS 
HEAR THE SOUNDS 
TALK TO THE SPECIALISTS 


















































YOUR COMPLETE RANGE OF ELECTRONIC 
HAROWARE.... 























PHILIPS 


K)u can tape amole world of sound 
into Philips new Cassettes 


Here’s a new generation of cassettes from 
lips, inventors of the original compact cassette. 

With five types of cassette in the range, from 
ro to hi-fi Chromium, there’s one that matches 
lost any cassette machine you can name. From 
xpensive Hipsters to the most costly systems. 

We live in a world of sound. Whatever your 
e, be it Punk Rock or Beethoven, these new 
lips Cassettes give you a true reflection 


of the sound you want to hear. And they all have 
Philips’ unique Floating Foil security to help put a 
stop to jamming and looping. 

Look out for the Philips Select-a-Cassette 
chart in your local stockists. And ask for the free 
leaflet. Remember, when you explore the whole 
world of music, for the clearest sound from your 
equipment use Philips new Cassettes. 

IphilipsI 



ie Suitable for use 


es high output and especially 


or use with decks designed to give Specially developed for hi-fi music, 

iptimum performance using a higher with particularly quiet background 
lias tape Super Ferro 1 works well noise and brilliant high-frequency 

articularly those made in Japan. coating gives a very smooth surface. 

: gives well balanced reproduction and ensuring good tape head contact, 
higher output than normal Ferro. 


combining the excellent low-frequency 
reproduction of high density tape with 
the high frequency brilliance of 


Philips new Cassettes. For the whole world of sound. 


WW — 116 FOR FURTHER DETAILS 
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Pye Electro-Devices' Series 951 coaxial 
relay is designed for high speed switching of 
signals up to 450 M Hz. It can be used to advantage 
in applications requiring exceptionally low 
inter-contact capacitance. 

Multi-position clamps enable UR43 type 
coaxial cables to be connected directly to the 
relay body. Connection is simple and efficient. 

And there's no need for coaxial plugs and 
sockets. Consequently the relay is extremely 
compact, and weighs less than 10Og 
The contacts are rated 
at 1A or 50W maximum, 
and coils are available for 
operation at up to 10OV d.c 


Pye Electro-Devices Ltd. 


WW—029 FOR njRTHER DETAILS 



Our new 1978 catalogue lists a whole range of. 
plastic boxes to house all your projects. And 
we've got circuit boards, accessories, module 
systems, and metal cases - everything you need 
to give your equipment the quality you demand. 
Send 25p to cover post and packing, and the 
catalogue's yours. 


VERO ELECTRONICS LTD. RETAIL DEPT. 

Industrial Estate, Chandlers Ford, Hants. S053ZR 
Telephone Chandlers Ford (04215) 2956 

WW—075 FOR FURTHER DETAILS 





comprehensive 
range of 

TV DISTRIBUTION 
EQUIPMENT 


We design and manufacture an extensive range of 
amplifiers, active equipment, tap-off units, outlet plates 
and other accessories for TV distribution systems. May we 
send you a copy of our latest catalogue which gives 
detailed technical specifications ? 


Labgear 


Labgear Limited Abbey Walk 
Cambridge CB1 2RQ England 

Telephone: 0223 66021 (7 lines) Teles: 81105 LAB 


WW—062 FOR FURTHER DETAILS 
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We've made the 
impossible AGAIN. 
A superior 
frequency counter 
Kit for only £69.95 



Now you can forget about price/performance trade-offs when 
you select a frequency counter. In Sabtronics' Model 8100 kit 
you get all the characteristics of a much higher-priced counter 
for only£ 69.95. 

This frequency counter, employing LSI technology, has the 
performance and input characteristics you demand: guaranteed 
frequency range of 20 Hz to 100 MHz; selectable hi/lo 
impedance; superior sensitivity; selectable resolution and 
selectable attenuation. Plus an accurate time base with excellent 
stability. An 8-digit LED display features floating decimal point, 
leading zero suppression and overflow indicator. You would 
expect to find all these features only on high-priced instruments 
-or from Sabtronics' advanced digital technology. 


BRIEF SPECIFICATIONS: 

Frequency Range: 20 Hz to 100 MHz guaranteed, (10Hz to 120 
MHz typical) - Sensitivity: 25 mV RMS, 20 Hz to 70 MHz (20 mV 
typical); 45 mV RMS, 70 MHzto 120 MHz (30 mV typical)- 
Selectable Impedance: 1M<</25 pFor50'> -Attenuation: XI, 
X10 or XI00-Accuracy: ± 1 Hz plustime base accuracy- 
Aging Rate: ± 5 ppm/yr-Temperature Stability: + 10 ppm, 

0° to 50° C-Resolution: 0-1 Hz, 1 Hz, 10 Hz selectable- 
Display: 8-digit LED, floating DP, overflow Indicator- 
Overload Protection - Power Requirement: 9-15 VDC. 

Also available assembled at £ 84.95. 

Optional prescaler will be available from around January 1979. 


Uncompromising 
performance.. 
Incredible price. 

A professional 3^ digit 
DMM Kit for less than 
£50.00 



Incredible? True! Professionals and hobbyists alike are 
believers in this Sabtronics 2000, the only portable/bench 
DMM which offers such uncompromising performance at 
the astonishingly low price of £49.95. 

Uncompromising performance you'd expect only from 
a specialist in digital technology such as Sabtronics: 

Basic DCV accuracy of 0.1% ± 1 digit; 5 functions giving 
28 ranges; readings to ± 1999 with 100% overrange; over¬ 
range indication; input overload protection; automatic 
polarity. 

The low price of £ 49.95? Simple: The Model 2000 is all 
solid-state, incorporating a single LSI circuit and high- 
quality components. You assemble it yourself, using our 
clear, easy-to-follow, step-by-step assembly manual. 

Kit is complete, including a high-impact case. 

Now you too can have it! A professional-quality 3^ digit 
Sabtronics Model 2000 DMM kit for only £ 49.95. If you don't 
have one in your lab, use the coupon below to order NOW. 



Easy to follow caliberation procedure provided in the 
assembly manual. 

BRIEF SPECIFICATIONS: 



DC volts in 5 ranges: 100/W to 1 kV-AC volts in 5 ranges: 
100 ^V to 1 kV- DC current in 6 ranges: 100 nA to 2A- 
AC current in 6 ranges: 100 nA to 2A- Resistance: 

0.1 c to 20 Me in 6 ranges - AC frequency response: 40 Hz 
to 50 kHz - Display: 0.36" (9,1 mm) 7-segment LED- 
Input impedance: 10 Me -Size: 8" Wx6.5" Dx3" H 
(203X 165x76 mm) - Power requirement: 4 "C" cells 
(not included). 

Ordering information for overseas readers: 

The price listed is for readers in U.K. only. Since export 
orders are exempt from VAT you may send your orders 
directly to 

Sabtronics International 
Winkelriedstrasse 35 
CH-6003 Luzern/Switzerlahd 
Price: 

£69.95 + £6.50 for shipping and handling for Model 8100 
£49.95 -f- £ 6.50 for shipping and handling for Model 2000 


TIMWOOD LTD. Prospect Road, Cowes, 

Isle of wight, Engiand: Telex 86892. 

Please send me_Sabtronics Model 2000 DMM 

kit (s) at £ 49.95 and £ 3.00 p.p. plus VAT at 8%. 

Please send me_Sabtronics Model 8100 

Frequency counter kit (s) at £ 69.95 and £ 3.00 p.p. 
plus VAT at 8%. 

Assembled at £ 84.95 each £ 3.00 p.p. plus VAT at 8%. 

Total enclosed herewith: £_ 

Name:___ 

address:__ 

City:-Postal code:_ 

* Overseas readers please see ordering information 
on this page. 


WW — no FOR FURTHER DETAILS 
























3IMENCL0SURES (Bimboxes, Bimconsoles and Bimcases ) BIMTOOLS (Bimirons, Bimdrills, Bimsnips, Bimpumps, 
Bimdips) BIMACCESSORIES (Bimfeet, Bimdaptors) BIMDICATORS BIMBOARDS 



2 Herne Hill Road, London SE24 OAU 

Telephone: 01-737 2383 

Telex: 919693 Answer Back 'LITZEN G' 
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seen from the 
professional 
angle 



the 201 is something 
quite personal... 

The M201 Hypercardioid moving coil 
microphone is designed for recording or 
broadcasting. The M 201 offers excellent 
Separation characteristics in extreme 
accousticai conditions. 


Specifications: 

Frequency Response: 40-18000 Hz. 
Output Level at 1 kHz: 0,14 mV/(i bar 
-56 dbm (0 dbm ^ 1 mW/10 
dynes/cm2). EIA Sensitivity Rating: 
-149 dbm. Hum Pickup Levei: 

'5 F V/5 M Tosia (50 Hz). Poiar Pattern: 
Hypercardioid. Output impedance: 
200 Q. Load impedance:.> 1000 
Conriections: M 201 N (C) = Cannon 
XLR-3-50 T or Switchcraft: 2+3 = 

200 Q,. 1 = ground. M 201 N = 3-pin 
DIN plug T 3262: 1+3 = 200 2 . 

2 = ground. M 201 N (6) = 6 pin 
Tuchel. 

Dimensions: iength 6", shaft 0 0,95". 
Weight: 8,60 oz. 




BEYER DYNAMIC (GB) LIMITED 

1 Clair Road, Haywards Heath, Sussex. 
Tel: Haywards Heath 5100.“^ 

WW—IM4 FOR FURTHER DETAILS 



Europe's most popular bench power supply range. 
Well over 40,000 in use. Nine models to choose 
from. (Most with NATO stock numbers). 


Get the details from: 


^Fnmell 


PARNELL INSTRUMENTS LIMITED • WETHERBY • WEST YORKSHIRE LS22 4DH 
TEL. 0937 63541 • TELEX 557294 FARIST G • LONDON OFFICE TEL. 01-864 7433 
WW—095 FOR FURTHER DETAILS 


ELECTRONIC 

INDUSTRIAL THERMOMETER 



THE MODERN WAY TO MEASURE TEMPERATURE 

A Thermometer designed to operate as an Eiectronic Test Meter. Wiii 
measure temperature of Air, Metals, Liquids, Machinery, etc., etc. 
Just plug-in the Probe, and read the ternperature on the large open 
scale meter. Supplied with carrying case. Probe and internal 1 Vi 
volt standard size battery. 

Model “Mini-Z 1" measures from-AOF C to + 70° C. Price E30.00 
Model “Mini-Z 2" measures fram-5° Cto 105° C Price £30.00 
Model "Mini-Z Hi" measures from + 100° C to 500° C £33.00 

(VAT 8% EXTRA) 

Write for further details to 

HARRIS ELECTRONICS (LONDON) 

138 GRAY'S INN ROAD, LONDON, WC1X SAX 
_ (Phone01-837 7937) _ 
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Made to Measure 

Resistance Capacitance. Inductance. 


B900 

Automatic Digital Bridge 1kHz 0.1% 



B224 

Wide-range Audio Bridge 1592Hz 
(200Hz-20kHz external) 




Whether you check components 
at Goods Inwards, during pro¬ 
duction or on Final Test, Wayne 
Kerr has the bridge you need. 
For fast measurements of com¬ 
ponents, or for continuous 
monitoring of changing values, 
you can select the ideal instru¬ 
ment from our comprehensive 
range. Take, for instance, the 
new B424 component meter; 
a simple-to-operate, low-cost 
meter which features a floating 
decimal point and fully auto¬ 
matic adjustrhent of test signal 
level and frequency—thus 
avoiding the need for resetting 
with each type of measurement. 
All models-AF, RF and VHF- 
have a wide measurement 
range and are easy to use. Many 
have automatic readout and 
automatic lead compensation: 
most will measure conriponents 
in situ. 

Only part of our range js 
illustrated. Send in the coupon 
for further information. 




W^—078 FOR FURTHER DETAILS 
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Large displays for 
distant viewing 
^ n-even in 
I sunlight 

-theKGM Maxitron 



Low price - high specification 

■ View up to 30 metres standard model - 100 metres special model 

■ Clear easy-to-read 12cm characters 

■ Easy to install - easy to maintain 

■ Choice of two styles 

7 segment - BCD TTL Compatible input 

- unique KGM 8 segment with easy to read 4 and decimal input 

■ Long lamp life 

Use the Reader Enquiry Service or contact KGM now for full details and 
competitive prices. 

ELECTRONICS 


KGM 




FOR FURTHER DETAILS 


_ LIMITED 

Clock Tower Road, Isleworth. Middlesex TW7 6DU. 
Telephone 01-568 0151 Telex; 934120, 



BY USING A 

DIACROM 

SPATULA 


No other cleaner has all these advantages:— 



Sole Distributors for the United Kingdom 
SPECIAL PRODUCTS (DISTRIBUTORS) LTD 
81 Piccadilly, London W1V DHL. Phone: 01-629 9556 

A> wippKwl to th. M.O.D.. U.KA.eA.. C.E.O.B. Brttteh Rail and othar PuMIc AuthorWaa; 
alao major kiduatrial and alaetronic naara throushout tha UnHad Kingdom. 

WW—117 FOR FURTHER DETAILS 



For the tools 
for the job.. 


Electronic Pliers 
Mains PCB Drill 
1C Insertion Tools 
Nutsert and Rivet Kits 
CMOS Logic Probes 
Assembly Stands 
and many other 
lines in the new 
Autumn '78 Catalogue. 
Get on the Verospeed 
hotline, contact 


VfROSPftD 

Barton Park Industrial Estate, 
Eastleigh, Hampshire S05 5RR 
Tel: (0703) 618525 


WW — 070 FOR FURTHER DETAILS 
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Understanding Digital Electronics 


New teach-yourself courses 



Design of Digital Systems is written for the engineer seeking to learn 
more about digital electronics Its six volumes — each A4 size — are 
packed with information, diagrams and questions designed to lead you 
step-by-step through number systems and Boolean algebra to 
memories, counters and simple arithmetic circuits, and finally to a 
complete understanding of the design and operation of calculators and 
computers 


The contents of Design of Digital Systems include: 

Book 1 Octal, hexadecimal and binary number systems; conversion 
between number systems, representation of negative numbers; 
complementary systems; binary multiplication and division. 

Book 2 OR and AND functions; logic gates NOT. exiusive OR. 
NAND. NOR and exclusive-NOR functions; multiple input gates; truth 
tables; De Morgans Laws; canonical forms; logic conventions. 
Karnaugh mapping; three-state and wi-ed logic. 

Book 3 Half adders and full adders; subtracters; serial and parallel 
adders, processors and arithmetic logic units (ALUs); multiplication 
and division systems. 

Book 4 Flip flops; shift registers; asynchronous and synchronous 
counters, ring, Johnson and exclusive-OR feedback counters; random 
access memories (RAMs) and read only memories (ROMs) 

Book 5 Structure of calculators; keyboard encoding; decoding display 
data; register systems; coritrol unit: program ROM; address decoding; 
instruction sets; instruction decoding; control program structure. 
Book 6 Central processing unit (CPU); memory organisation; 
character representation; program storage; address modes; input/ 
output systems; program interrupts; interrupt priorities; programming, 
assemblers; computers; executive programs; operating systems and 
time sharing 





A 

JK- 


Digital Computer Logic and Electronics is designed for the 
beginner No mathematical knowledge other than simple arithmetic is 
assumed, though the student should have an aptitude for logical 
thought It consists of four volumes — each A4 size — and serves as an 
introduction to the subject of digital electronics. Everyone can learn 
from It — designer, executive, scientist, student, engineer. 

Contents include Binary, octal and decimal number systems 
conversion between number systems, AND, OR, NOR and NAND 
gates and inverters; Boolean algebra and truth tables. De Morgans 
Laws, design of logic circuits using NOR gates, R-S and J-K flip flops. 


CAMBRIDGE LEARNING ENTERPRISES. UNIT 32 RIVERMILL SITE. 
FREEPOST. ST. IVES. HUNTINGDON. CAMBS. PEI 7 4BR. ENGLAND 
TELEPHONE; ST. IVES (0480) 67446 


PROPRIETORS: DAfRIOGE LTD. REG. OFFICE: RIVERMILL LODGE. ST. IVES 

REGO. IN ENGLAND No, 1328762 


In the years ahead the products of digital electronics technology will play 
an important part in your life. Calculators and digital watches are already 
commonplace. Tomorrow a digital display could show your vehicle 
speed and petrol consumption; you could be calling people by entering 
their name into a telephone which would automatically look up their 
number and dial it for you. 

These courses were written by experts in electronics and learning 
systems so that you could teach yourself the theory and application of 
digital logic. Learning by self-instruction has the advantages of being 
faster and more thorough than classroom learning. You work at your 
own pace and must respond by answering questions on each new piece 
of information before proceeding 

After completing these courses you will have broadened your career 
prospects and increased your fundamental understanding of the rapidly 
changing technological world around you. 


The six volumes of Design of 
Digital Systems cost only: 
And the four volumes of 
Digital Computer Logic and 
Electronics cost only: 

But if you buy both courses, 
the total cost is only: 


£ 8.10 ^ 
£4.60 ^ 
£ 12 . 00 * 


+ 90p post 
8t packing 


+ £1 post 
& packing 


Price includes surface mail anywhere in the world — Airmail extra. 


Flow Charts & Algorithms 


HELP YOU PRESENT 

safety procedures, government legislation, office 
procedures, teaching materials and computer 
programs by means of YES and NO answers to 
questions. 

THE ALGORITHM WRITER S GUIDE explains how 
to define the questions, put them in the best order 
and draw the flow chart, with numerous examples 
shown. All that students require is an aptitude for 
logical thought. Size A5, 1 30 pages. This book is a 
MUST for those with things to say. 

_ OC + 45p post & packing by surface 
£2 .95 anywhere in the world. Airmail 


GUARANTEE 

If you are not entirely satisfied your money will be refunded. 

rCambridge Learning Enterprises, Unit 32 Riverniill Site, 

I Freepost, St, Ives, Huntingdon, Cambs. PE1 7 4BR 
j England 

! Please send me the following books 

I ..sets Digital Computer Logic & Electronics @ E5.50, p&p 

I included 

j .sets Design of Digital Systems @ £9.00, p8ip included 

I .Combined sets @ £13.00, p&p included 

I.The Algorithm Writer s Guide @ £3.40, p&p included 


Address 


I enclose a cheque/ PO payable to Cambridge Learning Enter¬ 
prises for 1. , 

Please charge my Access /Barclaycard -Visa Eurocard/ 

Mastercharge/ Interbank account number . 

Signature . . deleted as appropriate 

Telephone orders from credit card holders accepted on 0480- 
67446 (ansafone) Overseas customers should send a bank draft in 
sterlinq drawn on a London Bank . VWV32 
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VIDEO ot AUDIO 

BULK ERASURE 


LR70/71 bulk tape erasers are simple to operate and will erase 
cassettes, cartridges and reels of tape up to a maximum reel 
size of 11 j" and tape width of 1", quickly and efficiently. 
LR70/71 bulk erasers are currently used in Broadcast Companies 
Recording Studios, Government Departments, Educational Establish¬ 
ments and the Computer Industry. 

Quality equipment moderately priced 


LR71 

MAX REEL SIZE Ilf 
VIDEO AND AUDIO 


LR70 

MAX REEL SIZE 8i 
AUDIO ONLY 


oo 


LEEVERS-RICH 


LEEVERS-RICH EQUIPMENT LIMITED 

319 Trinity Road, Wandsworth 
London SW18 1YQ 
01 874-9054 Telex 923455 



Westcode low, medium- and high Power Diodes, 
Rectifiers, Hyregs, Potted Bridges, Triacs, 
Thyristors, Transistors and complete Rectifier 
Stack Assemblies. 

Express delivery by our own transport and Securicor. 
HARMSWORTH, TOWN LEY & CO. LTD. 
Todmorden, Lancs. OL14 5JY England. 
Phone 070-681 2601 8i 070-681 5246 









































confusion 
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MINICASES 



5.10 
5.45 
7.15 

7.50 

7.85 

8.50 
9.25 

10.10 

6.50 

6.85 

7.10 
7.40 
7.70 

8.10 


7.65 
5.70 
6.05 
7.75 
8.10 
8.55 
9.20 
9.95 
10.80 

7.10 
7.45 

7.80 

8.10 

8.40 

8.80 
11.75 
13.60 
13.60 
13.60 
15.50 
15.50 

Postage & VAT 


INSTANT TRUNKING SYSTEM! 






Ready to use. Internal wiring suitable for 30 amp 

TR6 — 6 sockets switched . £21.50 

TR9 — 9 sockets switched . £25.50 

P&PE1.85 +VAT 


PORTABLE POWER DISTRIBUTION 

FOR INSTANT MAINS! 
NEW! 10 sockets switched 
in sloping box 


Type 13A/10SW £27.50. P&P £1.85 + VAT 


4 sockets 13A. £12.15 

6 sockets 13A. £1 ‘ “ 

4 sockets 13A switched . . . £13.75 
6 sockets 13A switched ... £1 


OLSON ELECTRONICS LTD.. FACTORY N< 


17 FOR FURTHER DETAILS 


the indispensable 



THRUUNFWAnMETER 

0.45-2300 MHz/0.1-10,000 watts 


The Standard of the Industry 
What more need we say... 

Exclubrve UK representative 

aspen electronics limited 

2 KILDARE CLOSE, EASTCOTE, MIDDX. HA4 9UW 
TELEPHONE; 01-868 1188 - TELEX 8812727 
WW—058 FOR FURTHER DETAILS 


J E S AUDIO INSTRUMENTATION 



Illustrated the Si 451 
Millivoltmeter — pk-pk 
or RMS calibration with 
variable control for 
relative measurements. 
50 calibrated ranges 
£70.00. 

Si453 .£70.00 

Low distortion Oscillator, Sine 
J 5 Hz - 20 KHz - .01 %' - Square - RIAA 


Si452 , . .£56.00 

Distortion Measuring Unit 


PRICES plus VAT 

J. E. SUGDEN & CO. LTD. Tel. Cleckheaton (0274) 872501 
CARR STREET, CLECKHEATON, W. YORKS BD19 SLA 


WW—006 FOR FURTHER DETAILS 


carbon film RESISTORS 


ON BANDOLIERS OR PREFORMED 1 2.5mm 
AT NO EXTRA COST 




<1 


AERO SERVICES LTD. 

'42-44A-46 Westb'ourne Grove 
■London W2 5SF 

Tel. 01-727 5641 Telex 261306. 


WW-67S FOR FURTHER DETAILS 
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Save £10 onthis 
award-winning pocket 
digital thermometer 


Please send. 3001 digital thermo- 

meter(s) complete with batteries, PVC case 
and probe, at £117 each (including VAT and 
£1.50 pap). 

Please send. 3002 digital thermo- 

meter(s) complete with batteries, PVC case 
and probe, at £145 each (including VAT and 
£1.50 pap). 

I enclose cheque for £. 

OR please charge my Access/Barclaycard 
A/cNo. 


St 


Name. 

Company/ Establishment 
Address . 


Signature . . . 
Telephone No 


All instruments are covered by a 12 months 
guarantee. I understand that if I am not fully 
satisfied, I can return the goods undamaged 
within 14 days for a full cash refund. 


Comairk 

Registered in England No. 707422 VAT No. 192 6556 34 


_in the measurement of 

temperature. 




This superbly styled highly accurate instru¬ 
ment is offered to Wireless World readers at 
a genuine £20 off the manufacturer's list 
price. 

Wherever you want temperature read the 
Comark 3001 will read it. From -5Cf C right 
up to +100(f C, with a resolution of 0.5°C. It 
gives flash or continuous readout from the 
large green fluorescent display and fits 
snugly in your hand. 

There are no inaccurate readings due to bat¬ 
teries running low. A built-in check circuit 
illuminates all decirpal points if the power is 
too weak to provide the correct accuracy. 
Then there's the 3002: built to the same high 
standards but with a resolution of 0.1®C for 
applications that need that extra sensitivity. 
Both models are ideal for measuring the 
temperature of almost any liquid, solid or 
gas and each instrument comes complete 
with multi-function probes, attractive PVC 
case and batteries, so you can use it the 
moment it arrives. 

Take your pick. Choose whichever you 
prefer. Complete and post the order cou¬ 
pon now and you will see how simple 
temperature measurement can be. 

For further details call 0906271911, or use 
reader enquiry number. 


WW4)93 FOR FURTHER DETAILS 
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BONA FIDE UK TRADERS ONLY! 





A Fast and 
Easy Profit 
Message 
from 
Lektrokit 

For hobbyists and home project constructors, 
Lektrokit have put together the most comprehensive 
range of breadboarding and testing devices on earth. 
For you, Lektrokit have display racks, window 
stickers and catalogues to help you sell the entire range- faster and easier. 

For you, too, Lektrokit will be advertising to hobbyists and home project construct¬ 
ors continuously - telling them about the Lektrokit products that you supply. 

If, of course, you have the stocks. And that’s up to you. 

Launch dates for Lektrokit’s exciting new range are November 21-25-at 
BREADBOARD 1978-but you can get in on it NOW! Just use the coupon. 

I Fif TT completes the circuit 

A a To Lektrokit Ltd., Sutton Industrial Park, Earley, 

” Reading, Berks RG6 1AZ. Telephone 0734 6poiifi 


I fide UK trader. Please send full information at 


>r profit by Lektrokit. 



H*|radford[ 

AUDIO MEASURING 
INSTRUMENTS 

Oscillators 

LD03. Low Distortion Oscillator.£300.00 

LD03B. Low Distortion Oscillator, balanced output . . . 

. £400.00 

Distortion Measuring Sets 

DMS3. Distortion Measuring Set, manual nulling£250.00 
DMS4. Distortion Measuring Set, auto-nulling . £350.00 

Voltmeters 

HSV1. Audio Microvoltmeter, average responding . . . 

.£175.00 

HSV2. Audio Microvoltmeter, true r.m.s. reading£225.00 

Noisemeters (psophometers) 

ANM1. Audio Noisemeter and Microvoltmeter, average 

responding . £200.00 

ANM2. Audio Noisemeter and Microvoltmeter, true r.m.s. 

reading .£250.00 

ANM3. Audio Noisemeter and Microvoltmeter, true r.m.s. 
and quasi-peak responding .£300.00 


Descriptive leaflets available on request. 

RADFORD LABORATORY INSTRUMENTS LTD. 
4 High Street, Nailsea, Bristol BS19 1BW 
Tel. 02755-6637 


SdiEGOnQS electronics 

56 FORTIS GREEN ROAD, MUSWELL HILL N10 3HN 


OUR LATEST 

CATALOGUE^ 

CONTAINS FREE 
45 pence WORTH 
OF VOUCHERS 


CONTAINS MICROPROCESSORS -I- BOARDS 
MEMORIES. TTL, CMOS, ICs, PASSIVES. ETC., ETC. 


SUPERSAVERS I 


ALL FULL SPEC DEVICES 

TEXAS 

TIMER RED LED 

741 

555 TIL209 

5 for 

4 for (INC CUP) 

£1.00 

MM 10 for 

£1.00 

VAT 

INCLUSIVE PRICE -1- 25p P.&P: 


A4 1C BOOKLET 

SUPPLIED FREE WITH ORDERS OF ANY ICs WORTH 
£5.00 OR MORE. CONTAINS CIRCUITS, PIN CON- 
NECTIONS AND DATA (35p -I- SAE IF SOLD ALONE). 
















































How...Wliy...When? 


Distress calls are made every 
day-hundreds each year, and in 
every case questions are asked. 
Questions which require 
accurate, up-to-the-minute 
answers. Answers that can only 
come from reliable and 
immediately accessible 
communications recordings. 

When police, ambulance, 
fire, local ATC and other services 
are called upon, either by radio 
or telephone, they often receive 
hasty, garbled messages- 
sometimes several at a time. 

In such ipstances a positive 
need for communications 


recording arises-a need for a 
system with instant message 
trace and replay-at the touch of 
a button-and at any speed to 
assist intelligibilily. 

All these facilities, and more, 
are available in the Racal- 
Thermionic 'Callstore' cassette 
recorder/reproducer. Actuated 
either by incoming audio 
signals or by local or remote 
control, Callstore uses four 
cassette transports, each giving 
up to four separate channels, 
including a search control 
track which is cued at the 
beginning of each message. 


For details write to: 
Racal-Thermionic Limited 
Hardley Industrial Estate 
Hythe, Southampton, 

S04 6ZH England. 
Telephone: 0703 843265. 
Telex: 47600. 



Callstore, from Racal-Thermionic, answers all the questions. 
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After the introduction of the CQ 11 0 E and CQ 301, NEC have 
completed theirCQ-Line with theCQ201 Digital VFO, the SP 11Q 
Speaker and the Ml 10 SSB Microphone. The NEC CQ-Line 
represents highest technical standard, with regard to design, 
quality, reliability and price which is available to the modern radio 
communicator today. 


NEC CQ 110 E, 300 watts Digital transceiver Modes: FSK/ 
USB/LSB/CW/AM, 100-240V AC/1 3.5DC handmike Control 
speaker, VOX Sidetone, 3 Xtal filters. Blower, RCA 7360 RX 
Mixer, 22 fix-channels, 60 Page Manual, 160-10 meter, 11 
Ranges of 500 Khz. 

NEC CQ 301 2-3 KW SSB/AM Linear Amplifier 1 60-1 0 meter, 
2 EIMAC 3-500Z. Handbook, 100-240 V AC, High Speed 
Blower, incorp. Power Supply. 

NEC CQ 201 Digital Additional VFO for Split-Frequency. 
Operation, containing 3 VFO systems, usable as frequency 
counter, 100-240 V AC/1 3.5VDC, Handbook. 

NEC SP 110 Communication Speaker with Electronical Digital 

Clock, timer, etc. handbook 100-240 VAC. 

NEC M 110 SSB Communications Microphone, designed for CQ 
— Line. 


Colour of CQ line brown military sand-touch. 

★ Dealer inquiries welcome 

★ ASK ABOUT OUR UP TO 1 20 DAYS FINANCING FACILITIES 

★ ASK FOR OUR COLOUR CATALOGUE against payment of 
SFR 1 6 — or any other equivalent currency. 

★ Shipments to EVERYWHERE 


Soie distributor in Europe: 


C£Cc. 


» Corp., Via Valdani 1 — CH 6830 CHIASSO—SWITZERLAND 
Phone: (091) 44 26 51. Telex: 79959 CH 


WW—044 FOR FURTHER DETAILS 



^nacAm~ 

^ SEE THE 
DORA CHIME KITS IN THE 
NEW DORAM HOBBIES 
CATALOGUE 


PO Box TR8. Leeds LSI2 2UF 


Please send my FREE Hobbies Catalogue. AVAILABLE NOW 
I enclose 25p contribution to p. & p. 

Address. 



Doram Electronics Ltd 
I I POBoxTR8.LeedsLS12 2UF 

Overseas customers (except for N. Ireland)-60p j 

\ including despatch by Air (or all-up post). y 




SnginMred 12931 Budlong Ave., 
Sound Qard6na,CAM247U.SJ 


WW-^19 FOR FURTHER DETAILS 


WW—111 FOR FURTHER DETAILS 
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/aMJED® 

The firm for Speakers 




HI-FI 

DRIVE 

UNITS 





KITS FOR MAGAZINE DESIGNS etc. 







SIMFT 

OFWILMSLD^ 

The firm for Hi-Fi 

5 Swan Street, 
Wilmsiow, I Cheshire. 


Send 15p Stamp for free 38 page 
catalogue 'Choosing a Speaker’ 

Telephone: Speakers, Mail Order and Export: 
Wilmsiow29599 Hi-Fi;Wilmsiow26213 

Lightning service on telephoned credit card orders! iE3 


ww^^mSfor further details 


iiaiiHiBiSHiisyaniB! 

















































































































380Z/16K SYSTEM cocR nn 

WITH KEYBOARD L9DU.UU 


380Z/32K COMPLETE WITH 
SINGLE MINI FLOPPY d'70'7 HO 
DISK SYSTEM MDS-1 Ll/O/aUU 
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vitefre getting Wmm 
to give you a 
better 


We’ve opened a Sates and 
Customer Service Centre 
in London. And our new 
factory is futly operational. 
Southwest Technical 
Products provide a range 
of superb computer 
systems with technical 
backing second to none. 


Systems 

To suit all types of user - OEM, process 
control, data handling, small business 
systems, and all accounting functions. 

Software 

Low cost packages for word 
processing, selective mailing, 
progress control and invoicing. Our 
Software Development Unit available 
to prepare programmes to customer 
specification. 



Training 

Inexpensive courses (at Dover Street): 
BASIC - programming for the 
businessman; microcomputers in 
EDUCATION; WORD PROCESSING 
made easy; SOFTWARE 
DEVELOPMENT- make your 
microprocessor work. 

Maintenance 

Comprehensive national service by 
Computer Field Maintenance Ltd. 


Sales Office: 38 Dover Street, London W1. 

Tel: 01-491 7507 Telex: 268913. 

Factory: 12 Tresham Road, Orton Southgate, Peterborough. 
Tel: 0733-234433 Telex: 32600. 



the symbol of reliability 

WW—109 FOR FURTHER DETAILS 
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New from AMCRON 

Real Time Analyser RTA2 



The Amcron RTA2 Real Time Analyser is designed as much for use as a 
production tool as it is for on-site audio analysis of theatres, and 
recording studios. A flight case is available. 

★ 5 'CRT Display 

★ Internal Pink Noise Source 

★ '/s or 1 octave Display 

★ Frequency range 20 - 20kHz 
Outputs for X-Y Recorders 

★ Compatible with any microphone 

★ Price £1,960 ex. VAT 


POWER AMPLIFIER D75 



The AMCRON D75 power amplifier replaces the previous model D60. 
Employing completely new type circuitry it offers also many new 
features but without any increase in the price. 

★ New Amcron IOC comparator. 

A Balanced XLR input connectors. 

★ Signal Presence indicators. 

★ Separate Signal/chassis earth. 

★ 45 watts into 8 ohms per channel. 

★ Price £230 ex. VAT. . 


Other AMCRON products include: 


DC300A amplifier 500 watts/chan.£550 

Dl 50A amplifier 200 watts/chan.£350 

VFX2A Electronic Variable Filter . £270 

EQ2 Equaliser .£599 

1C 1 50A Pre-amplifier .£260 

IMA Intermodulation Distortion Analyser unit .£610 


MACINNES LABORATORIES LTD. 
Carlton Park Industrial Estate 
Saxmundham, Suffolk, IP17 2NL 
Tel. Saxmundham (0728) 2262/2615 


WW-IM9 FOR FURTHER DETAILS 



INTERFACE QUARTZ DEVICES LTD 

29 Market Street, Crewkerne, Somerset TA18 7JU 
Crewkerne (0460) 74433 Telex 46283 inface g 


WW—013 FOR FURTHER DETAILS 
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643A FUNCTION 
GENERATOR 

SINE, SQUARE & TRIANGLE 
0.01 Hz to 1.1 MHz 
10V pp ±5V DC OFFSET 
1000 : 1 Vco RANGE 


I 




«> « • ® ® « 


• c 


643A FUNCTION GENERATOR £89 + £2.50 p&p 

OtherBroducts include: -- WW085 

643 FUNCTION GENERATOR WW086 

745 COUNTER TIMER L97 WW087 

631 FILTER OSCILLATOR El 12 WW088 

746 AUTORANGING FREQUENCY METER £76 WW089 

615 OFF-AIR STANDARD ESI WW090 

35 SERIES PANELMETERS FROM £26 WW091 

Delivery is normally ex-stock ~ telephone tor contirmation 
Prices exclude VAT and are correct at time of going to press. Subject to 
change without notice. 

0MB electronics 

Riverside, Eynsford, Kent. Tel. 0322 863567 



[ Only Valves are good enough 
for this customer. 

As the demand for high quality sound increases, 

SO does the need for M-OV valves. 

Valves, and only valves, can provide the level of 
performance many listeners now demand. 

M-OV Beam Tetrode KT77 and KT88 valves meet 
all audio market requirements from 30-200 watts. 

KT77 is especially mgged and -- 
ultra linear. 



KT88 is a proven long-life valve 
that is at home in your quality 
equipment. 

Get in touch with us 
technical data and details of 
worldwide distribution. 



MOV 


THE M-0 VALVE CO LTD, HAMMERSMITH, LONDON, ENGLAND W6 7PE. 
TELEPHONE 01-603 3431. TELEX 23435. GRAMS THERMIONIC LONDON 

WW-102 FOR FURTHER DETAILS 


New from 
GREENWOCN) 



[PMMsUISE 


aprecisionvice 
that rotates a full 
360degrees-tilts 
180 tfegrees from 
vertical to horizontal, 
and offers a choice 
of 3 bases. 3 heads, 
a bench clamp and 
aPCB holder. 

We think it's like no other vice you've ever used. Its head rotates 
a full 360 degrees - and tilts 180 degrees from vertical to 
horizontal. 

One conventional knob locks work in any desired position, 
firmly yet gently. You can choose a standard, low profile or 
vacuum base - a standard, low profile or wide opening head - a 
bench clamp mounting base - a printed circuit board holder 
and of course replacement jaws and pads if ever you need them. 
Panavise is more than just a vice - it’s a system. 

Greenwood Electronics 

Greenwood Eleclionics. Poitman Road. Reailmg. RGo INL 
Tele|)hone: 07J-l-595S-i-i lelex .S.i 


Obtainable also from our distributors: 

Electroplan Ltd 

P.O. Box 19, Orchard Road, 

Royston, Herts SG85HH. 

West Hyde Developments Ltd 
Unit 9, Park Street Industrial Estate, 
Aylesbury, Bucks HP201ET. 


Upton Road. Reading RG3 4JA. 

Special Products Distributors Ltd 

81, Rccadilly, London, W1. 

ITT Electronic Sendees 

Edinburgh Way, Harlow, 

Essex CM202DF. 
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FULL ASCII 
KEYBOARD 


LOW COST! 
Model 756 
Full ASCII 
Keyboard 


* Intended for professional micro¬ 
processor applications. 

* This one Keyboard will meet most 
present and future requirements. 

* Full 128-character ASCII 8-bit code 

* Tri-mode MOS encoding. 

* Applications notes for auto repeat, 
numeric pad, serial output. 

* Upper and lower case characters 
generated by keyboard with latching 
shift-lock. 

* Selectable polarity. 

* Size 305 X 140 X 32mm 
(12V4X 5Vz X 1V4in) 

* MOS/DTL/TTL compatible outputs. 

* New guaranteed OEM grade com— 


Board has space for small low-cost 
DC/DC converter so that entire unit 
operates off single 5 V rail. 


SPECIAL EVALUATION PRICE 

£43 -I-VAT 


Citadel Products Ltd 
50 High Street, Edgware 
Middx. HAS 7EP, England 
01-951 1848. Cables: Citadel Edgware 


* Alpha lock . 

* Extra loose keys available. 

* Supplied complete with full 
technical data. 

Rugg^ mil. spec. G-TO PCB 
with plated through holes. 

2-key roll-over 

DC level and pulse strobe signal 
for easy interface to any 8-bit 
input port microprocessor system, 
video display or terminal board. 
Strobe pulse width 1 ms. 

Plastic enclosures and gold plated 
edge connector plus 5v. DC to minus 
1 2v Dc inverters available on re- 


ponenis. 

* Needs +5 and —12\/ supply 

TEsmsmsmsm. 

u- \ 

• 1=1 


l?ll- 

s 1 1 

nRCTume 




Carter Associates z|x|c|v 

Uh 


P.O. Box 11262 VLAEBERG 

South Africa postal code 8018 

1 
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* NEW PRODUCTS FROM J.P.S. - THE OBVIOUS CHOICE IN AUDIO MODULES * 


(1) JPS300 : 300W - 4ohin / 180W - 8ohm 


* 3 NEW POWER AMPLIFIER MODULES; 


(3) JPS200 : 200W - 4ohm / I30W - Sohm 


* RANGE OF PRE-AMPLIFIER MODULES : ‘ Jfc SE02 / MEQ2 EQ UALIZATION MODULES 
DPAI DISC. PRE-AMP SUITABLE FOR SUPERIOR LOW 0/P MAG. PHONO CARTRIDGES J 


SMOl AUTOMATIC MIC. OVERRIDE SYSTEM 


0PM 2 OUTPUT CONTROL MODULE 


MPA I MIC PRE-AMP FOR 200ohin - SOKohm (ADJUSTABLE) P PTI PROTECTION MODULE 


RANGE OF POWER SUPPLIES AVAILABLE FOR THE ABOVE 



SSy EBNSIDE AUDIO a LTG. 







STUDELEK ELEKTBONICA 


J.P.S. ASSOCIATES, Belmont House, Steele Road, Park Royal, London NW 10 7AR. Telephone: 01 961 1274 
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The professionals’eolonr 
pattern generator 



Over 20 patterns to CCIR or RTMA standards 


- Full RF coverage: TV IF, Band I- 
III-IV and V. 

- Electronic tuning ^nd'dhoice of 
six preset channel- 

- Synchronisation according to TV 
standard, also obtainable as 
composite and frame sync. 

Adjustable Video, calibrated 
chroma/burst and variable RF 
amplitude,. 

- Internal/external video and sound 
modulation. 



Linearstaircase signal with 8 identical 
steps combined with definition pattern 
of 5 vertical bars at 0.8-1.8-2.8-3.8 
and 4.8 MHz. 


This pattern generator is the finest 
available for precise;measurement and 
alignment work on video equipment 
including domestic TV receivers, 
VCR’s, VTR’s, VLP’s, closed circuit and 
cable TV installations. 

Service technicians, video 
development engineers, TV broadcast 
staff and lecturers will all appreciate 
the quality and ease of use of thi^ 
compact but very versatile pattern 
generator. More than 20 patterns are 
available on six channels frequencies 
using instant touch-button selection. 
The RF, video and trigger outputs are 
superior to many other portable 
generators and closely resemble those 
transmitted from your local TV station. 


Find out more about the PM 5519 and the rest of the Philips audioand video service 
equipment range by requesting our new Service Brochure. 


IphiupsI Test & Measuring 
Instruments 


□ OSCILLOSCOPES 10 -150 MHz □ DIGITAL & ANALOGUE MULTIMETERS □ CONVERSATIONAL DATA LOGGERS □ RECORDERS CHART S X - Y □ LF & RF OSCILLATORS Q MICROWAVE EQUIPMENT 
D DC POWER SUPPLIES & AC STABILIZERS □ FREQUENCY COUNTERS S TIMERS □ TV STUDIO A TRANSMISSION INSTRUMENTATION □ PULSE GENERATORS □ AUDIO A VIDEO SERVICE EQUIPMENT 



Pye Unicam Ltd 
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Qnick 

&easy 



SHEET METAL 
PUNCHES 

■ Easiest and quickest way of punching holes in sheet 
metal (up to 1.625mm mild steel) 

■ Q-MAX stands for quality and reliability 

■ Holes'are punched cleanly and no filing 
is necessary 

■ Continuous even load during punching 
No jagged edges. Burr-free hole 

■ Specially heat treated to maintain 

keen cutting edge 

■ Used for years all over the world 

■ Simple operation, saving time and energy 

57 

METRIC 
& 

LINEAR 
SIZES 



Q-Max (Electronics) Ltd 


40-41 Furnival St. London EC4A 1JQ Tel: 01 -242 7400 






(as recommended by ETI) 

Oscilloscope offer from KRAMER & CO. 

Sole U K Importers 


SOME TYPICAL TYPES ARE: 

024/ 500S 24v DC input 500 watts sine wave output 230v AC 


012 /150112v DC input 150 watts square wave 230v output 


024/603 24v DC input 60 watts sine wave 230v output 


TRANSVERTORS 


4 Oscilloscope for under £100 


ELMAC 4810 


TRANSISTORISED INVERTERS 
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REGULATED 
POWER S 


Type AD1.2-AD24 (Illustrated) 


2-YEAR 
GUARANTEE 





SOUTHERN ELECTRONICS 


6 WESTCLiFF ARCADE, RAMSGATE, KENT 
TEL. THANET (0843) 57888 
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~iSrS-Sl,. 


“ 




for 

electronic 
design 
engineers! 

PRECISION PETITE ITD 


.11 details. Price £10inc. VAT. P&P 


HIGH STREET TEDDINGTON MIDDLESI 

01 977 0878 


Design, 
manufacture & 
installation 


Audix Limited Tel: Saffron Walden 

Station Road, Wenden (0799) 40888 
Saffron Walden Telex: 817444 

Essex CB11 4LG 


aul 


Sound & Communications systems 


(ELS, contact the sole agents, LOWE ELECTRONICS 




LOWE ELECTRONICS LTD. 


. .J CAVENDISH ROAD, MATLOCK, DERBYSHIRE. 
TEL. 0629 2430 OR 2817. TELEX 377482 LOWLEC G 


£354 


New 

Model 


□ Th 




















































42 


WIRELESS WORLD, NOVEMBER 



Stay ahead-follow this sign 


GOULD ADVANCE INSTRUMENTS 
HAVE A WORLDWIDE REPUTATION. 
BUT THEY NEED NOT COST YOU 
THE EARTH. 



OS245A AND 0S250B OSCILLOSCOPES 


Two dual trace oscilloscopes, with sensitivity of 
5mV/div., and 2mV/cm respectively. The OS250B offers 
variable trigger level with or without bright line. The 
OS245A has a bandwidth of 10M Hz, the OS250B offers 
15MHz. Fully portable, these are the ideal instruments for 
servicing, educational and general purpose applications. 


ALPHA III DIGITAL MULTIMETER 


A tough, attractive, 3i digit multimeter with 25 
ranges and a basic accuracy of ±0.2%. A bright red 
LED display gives a clear reading even in high ambient 
light conditions, and yet power consumption is low 
enough for extensive field applications. 

A purpose built CMOS chip incorporates all 
analogue and digital circuitry, giving a low component 
count and increased reliability. 




TC 320 TIMER COUNTER 


This new, tough, 5-digit unit has an operating 
frequency of 35M Hz. Plated through hole PCB construction 
keeps the component count down, for exceptional 
reliability. Frequency measurements up to at least 
35M Hz can be easily read from the clear 7-segment 
display. The TC320 offers outstanding performance - 
including "disciplined" triggering - at a remarkably 
modest price. 


BETA DIGITAL MULTIMETER 


A general-purpose multimeter, offering 29 ranges, 
including temperature (optional), and a basic accuracy 
figure of ±0.2%. A clear, 3J digit Liquid Crystal 
Display, 0.5' high, gives a high-contrast read-out. 

Fully portable, with a minimum of 300 hours' battery 
life, the Beta has already established a reputation 
for accuracy and reliability. 

For details of any of these instruments and the 
Gould Advance 2 year guarantee, write or phone today. 
Gould Instruments Division, 

Roebuck Road, Hajnault, Essex IG6 3UE. 

Telephone: 01 -5001000 Telex: 263785. 
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Intelligent machinery 


THROUGHOUT 1978 electronics 
engineers have been looking on with 
mild amusement at all the excitement 
occasioned by the discovery of the 
microprocessor by the politicians, the 
press and the general public. It’s not 
merely that the engineers have known 
all about the device and its abilities for 
some years anyway, but that the m.p.u. 
has suddenly become the symbol for a 
whole field of technology. Through it 
microelectronics has been revealed to 
all, and this of course just happens to 
be the dress in which electronic 
engineering appears at the moment. 
•While the electronics man has more or 
less absorbed the m.p.u. as just another 
component to be soldered onto a p.c. 
board, the rest of the world is rightly 
concerned about the effects of the 
associated technical change — the 
widespread introduction of software — 
on its life an work. Committees, study 
groups and other organizations have 
been set up, and these are 
simultaneously encouraging the use of 
m.p.us in new products and 
manufacturing processes and 
examining their effects on productivity 
and employment. What these bodies 
may not be aware of, but should 
certainly get on to immediately, is the 
next stage after programmed logic, 
namely Artificial Intelligence. 

Of course AI, as it is unfortunately 
abbreviated (the same initials being 
used for artificial insemination), has 
been an established field of scientific 
research for several decades. It could 
be said to have begun with the late 
Alan Turing’s article “Intelligent 
machinery’’ which, perhaps 
significantly, appeared in 1947 at about 
the same time as the invention of the 
transistor. Centres for studying 
machine intelligence — at Edinburgh 
University and Stanford Research 
Institute to name but two — have been 
set up and, apart from their scientific 
work relating to such things as the 




functioning of the central nervous 
system, have developed robots and 
other systems which display some of 
the attributes of animal or human 
intelligence in the performance of 
tasks. As distinct from programmed or 
deterministic machines, they are 
characterized by having some degree 
of autonomy or self-organizing ability 
in the way they perform given tasks or 
solve problems. The field is vast and 
defies neat description (as does 
“intelligence” itself) but it could be 
roughly divided into the three are^ of 
problem solving, pattern recognition 
and learning systems. There is a link 
with adaptive control systems and the 
dynamic programming methods used 
to make their searching processes 
amenable to digital computing. 

What is now significant is that some 
AI self-organizing systems, 
complicated as they are, may soon 
leave the laboratory and appear in 
practical microelectronic form. Two 
semiconductor manufacturers have 
voiced their ideas already. In recent 
speeches, Robert Heikes of Motorola 
has referred to products “that will have 
a ‘thinking’ capability and, as such, will 
provide a dramatic extension to 
mankind’s basic capabilities” while 
Tom Lawrence of Intel has said that 
microprocessors “will evolve to 
become units of artificial intelligence 
with adaptive control in the m.p.u. 
architecture.” If, as has been predicted, 
the semiconductor chip of the 1980s 
will be capable of integrating ovef a 
million components, these 
pronouncements are well within the 
bounds of engineering possibility. 

Intelligent machines, as distinct from 
the automatic kind that are merely 
deterministic, are certainly on the way. 
Industrial work will be de-skilled even 
further, and our various committees 
and advisory bodies such as ACARD 
now studying the microprocessor will 
have an even bigger job to do. 
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The UK wavelength changes 

Long- and medium-wave broadcasting from November 23 


by G. H. Sturge, M.I.E.R.E. Engineering Information Department, BBC 


Many readers will have heard already of 
the impending changes to the 
frequencies used for BBC services in the 
l.f./m.f, sound broadcasting bands. This 
article gives the reasons for the changes, 
which stem mainly from increased 
demands for frequencies from other 
countries. A great many of these 
demands were written into the 1975 
Geneva Plan (see January 1976 issue, 
p.42) which comes into effect this year 
on November 23rd. The author.first gives 
the historical background and then 
explains in detail the BBC's reasons for its 
choice of the frequencies to be used for 
Radios 1,2,3 and 4 and the External 
Services and the effect on the transmitter 
network. 


THE LOW FREQUENCY broadcast 
band extends from 155 to 285 kHz and 
the medium frequency band from 525 to 
1605 kHz, although at present 255-285 
kHz is not available for broadcasting in 
Western Europe. With 9kHz spacing 
between carriers, there is room for only 
15 channels on l.f. and 120 on m.f. In the 
early days of radio broadcasting this 
would have been sufficient to assign 
exclusive channels to individual trans't 
mitters, but as the number of broadcas¬ 
ting stations in Europe increased in, the 
1920s an element of channel sharing 
became inevitable. Ever since then, 
periodic conferences have been 
necessary to regulate the use of 
frequencies for broadcasting by the 
various stations and countries. Thus we 
had a Geneva plan in 1926, a Prague 
plan in 1929, Lucerne in 1934, Copen¬ 
hagen in 1948 and recently Geneva 
again in 1975. There was also a Mon- 
treux plan in 1939, but this was never 
implemented. 

The latest Geneva Conference was by 
far the largest of its kind, because it 
embraced not only the European area, 
but the whole of Africa, Asia and Aus¬ 
tralasia as well. There are good reasons 
for having a single plan for the whole of 
this, area. At present, for instance, 
Europe and Africa use mainly 9kHz 
channelling, but Asia and Australasia 
use lOkHz, so inevitably there are areas 
where heterodyne interference occurs 
between stations operating on the dif¬ 
ferent channelling standards. This 
article will be concerned mainly with 
Lf./m.f. broadcasting in the ‘European 
area’, which in addition to Europe in¬ 


cludes much of North Africa and the 
Middle East. 

The recent Geneva Conference was 
long overdue. The Copenhagen plan 
made provision for 620 transmitters 
having a combined power of 20MW; by 
the end of 1976 the number of transmit¬ 
ters in the European area had grown to 
1450 and the combined power had in¬ 
creased to 82MW. Mutual interference 
between stations has grown steadily 
worse and, due to the increased range of 
interfering signals after dark, the 
night-time service range obtained is in 
many cases only a fraction of that 
achieved in day-time. A crucial factor in 
l.f. and m.f. planning is, of course, this 
difference between day- and night-time 
propagation. Day-time reception de¬ 
pends almost entirely on the ground 
wave, which falls off in a predictable 
way and enables several high power 
stations to use the same channel with¬ 
out mutual interference. At night-time 
(and in some cases during the winter 
day), the signals are propagated over 
much greater distances by ionospheric 
reflection, giving rise to significant field 
strengths at distances up to a thousand 
or more miles. Although we use the 
terms day-time and night-time, the 
transitiqn frott^ qp^e condition to the 
other is^ graddat one, and in northern 
latitude^ night-time conditions apply 
during the mid-winter period to a sub¬ 
stantial part of the working day, be¬ 
tween about 1500 hours one day and 
1000 hours the next (including the 
important period around breakfast 
time). 

At earlier conferences the planners 
were most concerned with night-time 


November 23 — Principal new BBC 
frequencies 

Radiol 

1053 kHz 
1089 kHz 

285 metres 
275 metres 

Radio 2 

693 kHz 

909 kHz 

433 metres 

330 metres 

Radio 3 

1215 kHz 

247 metres 

Radio 4 

200 kHz 

1 500 metres 

(With m.f. supplements in Aberdeen. 
Carlisle, Tyneside, Ulster and parts of 
South-West England). 


conditions because it was during the 
evenings that audiences were at their 
largest. This situation has changed in 
the last 20 years, and television now 
claims the mass audience during the 
evenings, whilst radio’s largest 
audiences normally occur in the day¬ 
time. Nevertheless, a significant 
number of people still listen to the radio 
during the evening hours, and in the 
United Kingdom this is typically around 
1 million; there are also very large 
audiences during the morning and early 
evening periods. 

The Geneva conference 
This was held under the auspices of the 
International Telecommunication 
Union, in two sessions. The first session 
in 1974 was intended to settle the tech¬ 
nical standards to be adopted; the 
second in 1975 prepared the frequency 
assignment plan. Some 100 countries 
were represented at the second session 
and the delegations were from govern¬ 
ments, not broadcasting authorities. 
Thus the United Kingdom delegation 
was led by the Home Office, although 
senior engineers from both the BBC and 
IBA were included. 

The consideration of technical 
standards was, of course, a long and 
detailed one, but the main decisions 
taken in the first part of the conference 
were these: 

1. 9kHz channelling to be used 
throughout, with all carrier frequencies 
in the m.f. band to be multiples of 9. 
Some European countries, including the 
UK, and supported by the European 
Broadcasting Union, would have liked 
to change to 8kHz spacing, to provide 
more channels; but others, mainly in 
Asia, would have preferred to retain 
lOkHz. The adoption of 9kHz was, 
therefore, a compromise between these 
views. 

Figures were also established for the 
minimum field strengths needed to pro-, 
vide a satisfactory service, depending 
on the geographical area and the 
frequency used. 

2. The protection ratio adopted as pro¬ 
viding a just acceptable standard of 
reception was taken as 30dB. This is the 
ratio between the strength of the (nori- 
fading) wanted signal and the strength 
of interfering signals on the same 
frequency. A different figure is used for 
adjacent channel interference, but in 
considering the repercussions of the 
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Geneva conference, this is not a major 
factor. 

Countries were asked to submit, in 
advance of the 1975 session, a list of 
their estimated needs to cover the 
period from 1978 to 1989, with details of 
frequencies, transmitter sites and 
powers. 

In the early post-war years the UK 
already had a well developed broadcas¬ 
ting service, and at the time of the 
Copenhagen conference in 1948 en¬ 
joyed a rather privileged position in 
European broadcasting. The situation 
was quite different for many of the 
other states represented at the Geneva 
conference; in 1948 they were either not 
in existence or else had only a rudimen¬ 
tary broadcasting system. It was, 
therefore, to be expected that these 
countries would submit quite legitimate 
claims for increased frequency assign¬ 
ments. For the UK, however, the Home 
Office decided only to submit claims for 
those frequencies and power levels 
which are already available to the UK, 
together with a modest claim for ad¬ 
ditional low power assignments to allow 
for some future development of local 
radio. 

At the 1975 session the proposals 
which had been submitted by the dif¬ 
ferent countries were listed so that a 
study could be made of all the incom¬ 
patibilities, that is to say, instances 
where one transmitter could be ex¬ 
pected to create an unacceptable level 
of interference in the service area of 
another. A large computer programme 
was used to provide an estimate of the 
minimum usable night-time field 
strength, for every transmitter, i.e., the 
field strength which would be needed in 
order to provide a 30dB margin over the 
sum of the interfering co-channel 
signals. In the absence of interfering 
signals, a field strength of 1 or 2 mV/m 
may be quite adequate for satisfactory 
reception. In the presence of night-time 
interference, a much greater field- 
strength — say 20 or 30 mV/m — may 
be needed to provide the 30dB margin. 
Thus the effective coverage obtained 
from any transmitter is usually much 
less at night-time than during the day. 
Some, but by no means all, of the most 
obvious incompatibilities were resolved 
by direct negotiation between the two 
countries concerned. Nevertheless, it 
had to be accepted that, with the con¬ 
siderable increase in both the number 
and power of transmitters, there would 
inevitably be an increase in the usable 
field strength values in many cases. 


Radio 2 distribution. The map 
shows which frequency is most 
likely to provide satisfactory 
reception in any particular area. 
Although a signal should normally 
be audible in the day-time, the 
areas of satisfactory reception at 
night-time will be much more 
limited than those shown. 


leading to a reduction in night-time 
coverage. 

In the final outcome most of the or¬ 
iginal submissions were written into the 
plan, and many countries were there¬ 
fore able to obtain a considerably in¬ 
creased number of frequencies; to what 
extent these will actually be taken up, 
time alone will show. In the European 
area, the plan includes some 2700 
transmitters, with a total power of 
214MW, an increase of almost 2:1 in the 
number of transmitters, and almost 3:1 
in total power, over the 1976 situation. 

So far as the United Kingdom is con- 


45 

cemed, all of its existing frequencies, 
including 13 high power m.fs and one 
high power l.f. were retained, most of 
the m.fs with a change of just IkHz, to 
conform to the new channelling plan. 
The United Kingdom also gained the 
right to use an additional l.f. channel - 
227kHz - at medium power, although 
this is shared with a 2MW transmitter at 
Warsaw. Some additional low power 
assignments were also obtained, to pro¬ 
vide for the future development of local 
radio. There are of course, no exclusive 
frequencies in the new plan, and many 
of the usable field strength figures for 
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night-time are appreciably higher than 
at present. They range from about 
8mV/m at best to over 100mV/m in the 
worst case, the average being around 
20mV/m. The inevitable result is that 
when the new plan is fully implemented, 
most transmitter service areas will 
shrink quite drastically at night-time, as 
compared to the day-time situation, and 
many listeners will suffer from in¬ 
creased interference to their m.f. recep¬ 
tion. 

The UK channels on which high 
power is permitted are shown below, 
together with the programme services 
for which they have been used until 
November 1978: 


Frequency Programme 
(kHz)* service 


200 (200) Radio 2 

647 (648) Radio 3 

692 (693) Radio 4 

809 (810) Radio Scotland 

881 (882) Radio Wales 

908 (909) Radio 4 

1052 (1053) Radio 4 

1088 (1089) External Services 

1151 (1152) Independent 
Local Radio 
1214(1215) Radiol 
1295 (1296) External Services 
1340 (1341) Radio Ulster 
1457 (1458) BBC Local Radio 

1546 (1548) BBC and 

Independent 
Local Radio 


‘Frequencies after Nov. 23, 1978 shown 
in brackets 


For the BBC it was necessary to con¬ 
sider very carefully its future plans for 
l.f./m.f. broadcasting. It would have 
been possible to leave the main net¬ 
works substantially as they were; but 
this could have led to a reduction in 
coverage at night-time, affecting most 
services, but especially serious in the 
case of Radio 3. It was therefore decided 
to study the possibility of devising a 
better way of using the frequencies 
available, in order to overcome the 
increased interference so far as possible, 
and also to take account of certain 
changes which the BBC had considered 
desirable for some years. 

Firstly, Radio 4. In the last few years 
we have seen the development of local 
radio in England, and national services 
in Scotland, Wales and Northern Ire¬ 
land, known as Radio Scotland, Radio 
Wales, and Radio Ulster respectively, 
each including an increasing proportion 
of locally produced programmes. At the 
same time Radio 4 has developed as the 
BBC’s main channel for news and in¬ 
formation, leading to the concept of a 
Radio 4 national UK service, which 
could provide an alternative both to 
local radio in England, and to Radio 
Scotland, Radio Wales and Radio Ulster 
in those countries. The most satisfac¬ 
tory way of realising this concept is to 
transfer Radio 4 to l.f., with additional 
transmitters in Scotland to extend the 


existing coverage on long-wave. 

Secondly, it is hoped to improve the 
coverage of Radio 1. This is one of the 
most popular services, yet it has had 
since its inception only one m.f. channel 
and no v.h.f. — apart from the limited 
use of the Radio 2 v.h.f. network. It is 
not, unfortunately, possible to provide 
complete coverage with only one 
medium frequency, even in the day¬ 
time. As an additional v.h.f. network is 
not practicable at present, two medium 
frequencies will be used for Radio 1, 
which will enable a substantial 
improvement to be made to both the 
day- and the night-time coverage. 

The night-time interference level on 
648kHz can be expected to increase very 
considerably in the new plan, and the 
value of this frequency for Radio 3 
would, therefore, be much reduced. It is, 
however, a valuable frequency, which 
can be used more effectively by the 
External Services, using high power and 
a directional aerial system, to provide a 
mainly day-time service to much of 
northern Europe. This frequency was 
therefore exchanged for 1089kHz, 
which will be used for Radio 1. 

The existing frequencies for Radio 
Scotland, Radio Wales and Radio Ulster 
will remain unchanged, although if all 
the Geneva plan assignments are 
taken up it may be necessary to increase 
the power of some of the transmitters 
concerned to maintain the night-time 
coverage. Similarly, the frequencies 
used for local radio — 1458kHz (BBC), 
1152kHz (ILR) and 1548kHz — are not 
affected by the proposed re¬ 
arrangements. This leaves five frequen¬ 
cies — 693, 909,1053,1089 and 1215 kHz 
— to provide the coverage required for 
Radios 1, 2 and 3. Two will be used for 
Radio 2 (693 and 909), two for Radio 1 
(1053 and 1089) and one for Radio 3 
(1215). The final list of BBC high power 
channels from Nov. 23 therefore, works 
out as follows: 


Frequency Programme 

(kHz) service 

200 Radio 4 

648 External Services 

693 Radio 2 

810 Radio Scotland 

882 Radio Wales 

909 Radio 2 

1053 Radio 1 

1089 Radio I 

1215 Radio 3 

1341 Radio Ulster 

1296 External Services 

1458 Local Radio (BBC) 


Programme services in italics represent 
a change of use. 


The only major change which has 
been found necessary to the original 
plan concerns the use of 227kHz. It was 
intended to use this frequency for Radio 
4 in Central Scotland, as well as 200kHz 
at Droitwich in the Midlands and 
Burghead in the North of Scotland. It 
was always recognised that inter- 
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ference from Warsaw, also on 227kHz, 
would be a problem under night-time 
conditions, and small m.f. transmitters 
were, therefore, proposed for Edin¬ 
burgh, Glasgow, Dundee and Aberdeen. 
To check the interference situation, a 
series of measurements were made 
during 1976/77, and these showed that 
the CCIR propagation curves which had 
been used in planning the use of 227kHz 
were not valid for tl^is particular path, 
particularly for day-time conditions in 
winter. It was found that the Warsaw 
signals were appreciably stronger than 
expected, and as a result the service 
area achieved with 227kHz would have 
been extremely restricted, except 
during the day-time in the summer. This 
would not be an acceptable situation 
and further studies showed that much 
better overall coverage could be 
achieved by synchronising all three 
transmitters (Droitwich, Westerglen 
and Burghead) on 200kHz. On this 
channel much lower field-strengths can 
be used, so a greater night-time 
coverage is possible; but, of course, the 
advantage of using two different 
frequencies is lost. With a single 
frequency, an area of unsatisfactory 
reception is created between adjacent 
transmitters in those areas where the 
field strengths from two transmitters 
are similar. 

In the case of 200kHz, these areas will 
fall across the border country and the 
central Highlands of Scotland. The 
main population centres which could be 
affected are Aberdeen, Carlisle and 
Newcastle, and low power m.f. trans¬ 
mitters will be provided for those places. 
To reduce the effect of interaction be¬ 
tween geographically adjacent trans¬ 
missions, the 200kHz carriers will be 
phase locked and the timing of the 
audio modulation will be adjusted so 
that the total delay over the two paths 
will be as nearly equal as possible. In 
many places within these so called 
‘mush’ areas, it will be possible to use 
the directional properties of ferrite rod 
aerials to favour one transmission 
relative to the other, and therefore 
improve the standard of reception. With 
the use of 200kHz at Westerglen, the 
provision of m.f. transmitters at Glas¬ 
gow, Edinburgh and Dundee became 
unnecessary. 

It should be noted that each of the 
networks to be used is a completley new 
one, except for that of 1214/1215kHz, 
which will be transferred almost un¬ 
changed form Radio 1 to Radio 3. The 
total numbers of transmitters and the 
total powers are as follows: 


Service No. of No. of 
trans. freq. 
Radio 1 24 2 


Total output 
power (kW) 


1 l.f.-1-8 low 522 
power m.f. 


‘Plus one or two very low-power trans¬ 
mitters on 1197kHz. 
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Local radio 

Most of the m.f. channels used by the 20 
BBC local radio stations will only be 
changed by 1 or 2kHz. In three cases, 
however, larger changes are involved, 
and these are; Radio Leicester moves 
from 1594 to 1584kHz. Radio Solent 
(Bournemouth area transmitter) 
changes from 1594 to 1359kHz. Radio 
Leeds moves from 1106 to 774kHz. This 
last change is necessary because the 
original frequency is only two channels 
away from 1089kHz, which is to be used 
for Radio 1 in the same area. 

Re-engineering the network 
The BBC’s existing m.f./l.f. network has 
been built up over many years, and 
there are a number of old installations 

— dating in some cases from the 1930s 

— which are inefficient in terms of both 
power consumption and maintenance 
effort. A programme of modernisation 
was clearly overdue, but was deferred 
until the results of the Geneva con¬ 
ference were known. 

The plan described above requires a 
complete re-organisation both of the 
sound distribution network and the 
transmitter system. To implement the 
changes which are needed by 
November 23rd, 38 new transmitters 
have to be installed, in addition to 24 
new masts and 28 multi-frequency 
aerial systems; 70 more transmitters 
will be replaced during the next few 
years. It has been decided to standardise 
all transmitters, with output powers of 
1, 10 or 50kW, and these can be used 
singly or in groups to provide powers of 
1, 2, 10, 20, 50, 100 or 150kW. Nearly all 
the transmitters will be operating in 
synchronised groups, and the power 
levels and aerial directivities have been 
carefully planned to provide the maxi¬ 
mum coverage. 

Several stations will be carrying 3, 4 
or even 5 services, and an interesting 
example is Burghead in the North of 
Scotland, which will be carrying Radio 1 
on 1053kHz, Radio 2 on 693kHz, Radio 3 
on 1215kHz, Radio Scotland on 810kHz 
and Radio 4 (UK) on 200kHz, with 
powers ranging from 20 to lOOkW. The 
l.f. service will be transmitted from a T 
aerial suspended from two 500-ft masts, 
and each of these masts, in addition tq 
supporting the T aerial, will act as a 
mast radiator for two of the m.f. ser¬ 
vices. For maintenance or in an emer¬ 
gency all four m.f. services can be com¬ 
bined into one mast. 

Effect of the changes 

The effect of the changes will, of course, 
vary between the four services and also 
from one area to another. Taken overall, 
however, they should provide some 
improvements in coverage, and a very 
considerable improvement over the 
night-time coverage which would have 
been achieved if the changes had been 
confined to those required under the 
Geneva plan. Taking the coverage as 
the percentage of the population who 



Before November 23, 1978 

After November 23. 

, 1978 


Frequencies 

Coveras 

e% 

Frequencies 

Coverage % 


(kHz) 

Day 

Night 

(kHz) 


Night 

Radio 1 

1214 

87 

38 

1053 8. 1089 

96 

55 

Radio 2 

200 

98 

83 

693 & 909 

98 

65 

Radio 3 

647 

92 

71 

1215 

87 

38 

Radio 4 

692, 908 & 1052 

99^ 

751 

200' 

982 

91 2 


•Plus 9 low-power m.f. ' England only 

^ United Kingdom 


should be able to obtain a satisfactory 
standard of reception (provided that a 
suitable receiver is used), the situation 
before and after the changes is sum¬ 
marised in the ^companying table. 

It will be seen that Radio I’s coverage 
is increased appreciablyboth by day and 
by night, as well as that of Radio 4. The 
day-time coverage for both Radio 2 and 
Radio 3 is maintained at a nearly iden¬ 
tical level. Night-time coverage for 
these networks will be less than at 
present, but these are in the main music 
services, and a high proportion of lis¬ 
teners can be expected to use the high- 
quality stereo (or mono) version which 
is available on v.h.f. 

There are, of course, considerable 
problems in introducing such wholesale 
changes, and a concerted publicity 
campaign is being mounted to help and 
guide listeners in finding the new 
frequencies. Problems will undoubtedly 
arise, not least the number of receivers 
without the long wave band (about 10% 
of the total number of sets in use) and 
the fact that after the changes the mar¬ 
kings on many tuning scales will show 
the wrong programmes. This situation 
will correct itself gradually as new sets 
come into use; many imported receivers 
already have scales marked in kHz 


without any station names. Those who 
for some reason do not hear of the 
changes, and tune to their accustomed 
place on November 23rd, will in all 
probability still find a BBC programme, 
though it may not be the one they 
expect to hear — who knows, some new 
horizons may be opened. 

The author would like to acknow¬ 
ledge the assistance and helpful 
comments received from many collea¬ 
gues in the BBC. He also wishes to 
thank the Director of Engineering for 
permission to publish this article. 


Geoffrey Sturge was educated at, 
Gresham's School and Faraday House, 
from which he went into the RNVR in 
1 940. After three years in bomb and mine 
disposal, he transferred to the Fleet Air 
Arm, and served as Air Radio Officer in an 
aircraft carrier. In 1946 he joined Murphy 
Radio, and worked in their service, export, 
and distribution departments. He joined 
the BBC in 1962, to work in engineering 
recruitment, and he has been in his 
present post since 1970. He has been 
closely involved in the preparation of 
information on the coming frequency 
changes. 


1053kHz (285m) 
Station Power (kW) 

Barnstaple 1 

Bexhill 2 

Brighton 2 

Burghead 20 

Droitwich" 150" 

Dundee 1 

Folkestone 1 



Postwick' 10 

Stagshaw 50 

Start Point 100' 

1089kHz (275m) 
Station Power (kW) 

Brookmans 150' 

Fareham 1 

Lisnagarvey 10 

Moorside Edge 1 50' 

Redmoss 2 

Redruth 2 

Washford 50 

Westerglen 50’ 

Whitehaven 1 


693kHz (433 matraa) 
Station Power (kW) 


Brighton 

Burghead 

Droitwich 

Exeter 

Plymouth 
t Postwick 

Stagshaw 


50 

150 


50 


909kHz (330 metres) 
Station Power (kW) 

Bournemouth 1 

Brookmans Park 140 
fClevedon 50' 

Fareham 1 

Guernsey 0.5 

Lisnagarvey 10 


Redruth 

Torquay 


100 

2 

50 


1215kHz (247m) 
Station Power (kW) 

Brookmans Park 50* 

Burghead 20 

Droitwich 30' 

Fareham 1 

Hull 0.15 

Lisnagarvey 10 

Londonderry 0.25 

Moorside Edge 50‘ 

Newcastle 2 

Plymouth 1 

Redmoss 2 

Redruth 2 

Tywyn 0.5 

Washford 60 

Westerglen 40' 


Station Power (kW) 
200kHz (1500m) 

Burghead 50 

Droitwich 400 

Westerglen 50 

720kHz (417 metree) 

Lisnagarvey 10 

Londonderry 0.25 

603kHz (498 metree) 

Newcastle 2 

1449kHz (207m) 

Redmoss 2 

1485kHz (202m) 

Carlisle 1 


1197kHz (251m) 
Station Power (kW) 

Cambridge 0.2 


'Directional aerial 


1485kHz (202m) 

Bournemouth 2 

'Directional aerial 


tinitially Clevedon and 
Postwick will be rest¬ 
ricted to 20 and 2 kW 
respectively. 
'Directional aerial 
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Radio and television 
interference 

The latest Directorate of Radio Tech¬ 
nology (Home Office) report on radio 
interference, covering 1977, again con¬ 
firms that the revised method of recor¬ 
ding the statistics, introduced in 1976, 
indicate the relatively small number of 
cases (a total of 171 complaints in¬ 
volving 102 sources) officially ascribed 
to fundamental or harmonic radia¬ 
tion from amateur stations. Altogether 
some 42,148 complaints represented all 
forms of interference with some 43.38% 
ascribed as being due to “conditions at 
the receiving site” (i.e. faulty receivers 
or inefficient aerials). While inter¬ 
ference to television reception from all 
causes fell by 11.28% to 24,595, inter¬ 
ference to radio reception rose by a 
hefty 22.45% to 16,313 (including 10,476 
for m.f./l.f. and 5837 for v.h.f./f.m.). The 
rising figure for radio (in 1971 it was 
only 6,492 compared to 65,826 for 
television) indicates that pollution of 
the radio spectrum by electrical inter¬ 
ference from domestic and other appa¬ 
ratus is no longer falling (as it did in the 
1960s following legislation) but is again 
increasing, although the figures also 
suggest that there has been a marked 
revival of interest in sound radio in 
recent years. The fall in interference to 
television has undoubtedly been pri¬ 
marily the result of the change from 
v.h.f. to u.h.f. 

Certainly amateurs in urban and 
suburban environments are finding the 
severe spectrum pollution an ever in¬ 
creasing problem for weak signal 
reception, particularly that arising from 
time-base and switched-mode power 
supplies in colour television receivers. 
This form of pollution is usually of an 
intensity where it does not interfere 
with tv reception and makes relatively 
little impact on the Home Office statis¬ 
tics (380 complaints). Contact devices 
such as faulty switches and thermostats 
account for 57.38% of complaints from 
specified sources (20.23% of all com¬ 
plaints). Among some of the more unu¬ 
sual sources of interference one finds 
plastic seam welders, fish thawing 
equipment, microwave cooking, wood 
glue drying, r.f.-excited arc-welders and 
the like — the list seems to grow longer 
year by year. 

WARC 1979 

The World Administrative Radio Con¬ 
ference starting at Geneva next Sep¬ 
tember continues to dominate the 
thoughts and activities of many amat¬ 
eur radio organisations, although few 
people seem prepared to hazard any 
firm opinion on the likely outcome of 
the conference from an amateur view¬ 
point. lARU Region 1 Bureau points out 
that there are still many unknown fac¬ 
tors, including the attitudes of many of 
the countries of Africa and Asia where 
amateur activity tends to be at a sub¬ 



dued level. Historically many of the 
most damaging attacks on the amateur 
service have stemmed from European 
telecommunications administrations 
and the results are evident when com-' 
paring amateur allocations in Region 1 
with those of Regions 2 and 3. A recent 
lARU summary of the attitudes of Re¬ 
gion 1 administrations towards amateur 
h.f. allocations shows a wide variation 
of attitudes from favourable to unfav¬ 
ourable towards the proposed additio¬ 
nal allocations around 10,18 and 24MHz 
although reasonable support for 
maintaining or improving the position 
in regard to existing amateur h.f. allo¬ 
cations. 


In the air 

Although sunspot activity looks set 
to increase to an extremely high maxi¬ 
mum in 1979-80 there was an unusually 
sharp decline in activity towards the 
end of July, lasting through August. 

Fifty years ago, on October 21, 1928, 
Jimmy Mathews, G6LL (still an active 
amateur) made the first two-way trans¬ 
atlantic contact on 28MHz, lasting 
almost two hours, with C. K. Atwater, 
W2JN of Upper Montclair, New Jersey. 
It must have been no easy matter 
obtaining reasonable r.f. output at 
28MHz from a DETl power valve, and 
like many other amateurs of the period, 
G6LL in North London had to obtain 
power from d.c. mains by means of a 
rotary converter. Although several 
other British amateurs “got across” that 
year, 1928 was on the declining phase of 
a sun-spot cycle and it was another 
seven years before the 28MHz band 
again opened for world-wide com¬ 
munication. 

Douglas Johnson, G6DW, of Capel, 
near Dorking, recently held an “At 
Home” attended by many “old-timers” 
to mark the 55th anniversary of his 
obtaining his “experimental” call-sign 
in 1923. 

It was, incidentally, forty years ago - , 
October 22, 1938 - that a jvelcome 
OHMS letter came through my letter 
box. It contained the radiating licence 
G3VA (replacing an “artificial aerial” 


licence held since 1936). But like most 
newcomers of that era my initial efforts 
at transmission were only moderately 
successful. Despite many calls on 7MHz 
phone, my first day’s efforts brought 
only one contact — with a friend less 
than a mile away! Next day, on 1.8MHz, 
several contacts over distances of 20-30 
miles were made, and altogether in the 
first three months some 150 contacts 
with about 15 countries were achieved 
on 1.8, 7 and 14 MHz (the only bands 
then available to newcomers). Trans¬ 
mitter power had to be limited to about 
10 watts and receivers were an 0-v-l 
“straight” receiver and a domestic “all¬ 
wave” set with an external b.f.o. But it is 
curious how, now half-way through my 
11th log book, some of those early con¬ 
tacts remain indelibly etched in one’s 
memory. 

A rather different contact rate has 
been established by Dick Spenceley, 
KV4AA (AJ3AA) on the U.S. Virgin 
Islands who can be heard most evenings 
contacting many European stations on 
14 or 21 MHz. In two years, 1966-67, he 
made 67,235 contacts and looks set to 
achieve 100,000 in under three years — 
and his contacts are not just “contest- 
style” exchanges. He was first licensed 
in 1927 as K4AAN. 

In brief 

The RSGB is one of the sponsoring 
organisations for a two-day conference 
“Recent advances in h.f. communica¬ 
tion systems and techniques” to he held 
at the lEE, Savoy Place, London next 
February 27-28... Reciprocal licences in 
France now cost 117.5 francs (about 
£14) and cover one year ... To operate 
with a reciprocal licence in the USA, it is 
now necessary to file FCC form 610-A at 
least 60 days before the proposed start 
of operation . . . The Radio Club of 
America hais honoured Arthur Collins, 
WOCXX/WB5MAR, founder of Collins 
Radio, with the Armstrong Medal, while 
its Pioneer Award went to W. E. D. 
Stokes whose testimony in 1910 (when 
he was only about 12 years old) before a 
Senate hearing against the Depaw bill is 
generally credited with helping to pre¬ 
serve the existence of amateur radio in 
the United States when it was 
threatened with a complete shut-down. 

. . The G2NJ Trophy of the “G-QRP- 
Club” (devoted to low power radio 
communication) has been awarded to 
the Rev. George Dobbs, G3RJV, editor 
of “Sprat" and founder of the club . . . 
The low disposal prices of 23-channel 
Citizens Band equipment in the United 
States has encouraged many American 
amateurs to modify such units for low- 
power amateur operation on 28MHz .!. 
Good contacts with South American 
stations were achieved this summer on 
1.8MHz . . . Hellschreiber equipment is 
being increasingly used by a group of 
amateurs in Western Europe on 3.5, 7 

an d 144MHz ,__ 

PAT HAWKER, G3VA 
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Character rounding for 
the Wireless World teletext decoder 

New board offering improved display and revised timing 

by J. H. Hinton, M.Sc. 


When the original Wireless World teletext 
decoder was designed by J. F. Daniels ' 
a deliberate choice was made by the 
author to omit the rounding of characters 
on the grounds of extra circuit 
complication and the increase in cost of 
around £20. Since 1 976, the balance of 
argument has shifted in several ways 
towards the incorporation of rounding. 
Firstly, the improvement in appearance 
and legibility, though significant with 
double-height characters and, to a lesser 
extent, with ordinary capitals, is much 
more important with lower-case 
characters. Indeed, the fitting of the 
Texas lower-case r.o.m. to the author’s 
decoder without rounding was a 
disappointment, since the lower-case 
characters were, by comparision, more 
difficult to read. Rounding means that 
they are now preferred to a 'capitals only' 
display. Secondly, the Tifax decoder, the 
Mullard i.c. set^and other commercial 
designs use rounding, which makes the 
appearance of the original Wireless 
World decoder display compare 
unfavourably. Lastly, the cost of the 
rounding facility, including extra power 
supplies and one or two other features, is 
still about £20, whereas the cost of a full 
decoder kit is now around £200. 

The extra circuitry, shown in Fig. 1, 
provides the following facilities: 

• character rounding on single and 
double-height characters, which can 
be disabled for comparison purposes. 

• seven-clock-pulse-wide character 
cell, with symmetrical separated and 
contiguous graphics. 

• optional display of characters in 
upper-case only. 

• re-timing of Flash and Steady con¬ 
trols to set ‘after’ and ‘at’ correctly. 

The new board uses 17 t.t.l. integrated 
circuits, including the Texas r.o.m. and 
has been designed to work with R. T. 
Russell’s board 3^. A design capable of 
working with or without this board and 
for either type of character generator 
would have been more complicated and 
it was felt that people who want round¬ 
ing would also want the features off¬ 
ered by Russell’s ‘new facilities’ board 3. 
Existing Texas r.o.ms must be transfer¬ 
red to the new board 4. 

Display cycle timing 

In the original design, the display col¬ 
umn address for the r.a.m. is changed at 


ICi dot count zero, the output data for 
the new character being loaded into the 
latches IC28 and (69,9)* at dot count 7. 
The graphics generator output responds 
quickly, having a propagation delay of 
four t.t.l. gates, but the 2513 r.o.m. 
. requires an access time of up to 500ns; 
the first three dots after the data change 
(7, 0 and 1) are therefore used as spaces, 
providing a time of 375ns. The conse¬ 
quent absence of a gap between the last 
dot of an alphanumeric character and 
the first of a following graphic was 
avoided with the later use of a 75S262 
r.o.m., which has an access time of 
280ns maximum, by changing the 
strobe pulses from IC42 to give two 
spaces of 250ns before and one space 
after alphanumeric characters relative 
to graphics. Compared with the shift 
register technique, this method of 
sequentially gating the dot outputs has 
the advantage that when r.o.m. access 
time is short, only the first character 
column is at risk, since the others have 
additional time to settle. 

The rounding operation involves 
comparison between the display row 
and the reference row, so the serial data 
for both rows must be simultaneously 
available to the display circuits. Three 
methods are possible: 

-two r.a.ms in parallel can be addressed 
by the two rows, as described by 
Mullard^ This is simple, but costly. 

-a fast r.a.m. can be read in three cycles 
of a seven-clock cell, the r.o.m. ad¬ 
dressed on the reference row during 
the next two cycles, its output latched 
and addressed on .the display row 
during the last two cycles. This is also 
relatively simple, requiring no timing 
changes in the rest of the decoder; a 
new design of decoder could use this 
to advantage since the extra cost of a 
faster r.a.m. is small. The need for 
compatibility with existing decoders 
ruled this out. 

-three successive character display 
cycles can be used to read the r.a.m., 
access the r.o.m. twice and display the 
character with rounding. This 
imposes an extra delay of one display 
cycle in the alphanumeric channel 
and timings must be changed to in¬ 
troduce a compensating delay in the 


•Gates and pins are identified in this way. (69,9) 
refers to the circuit whose output is on pin 9 of 1C(» 


graphics and control channels. This 

method was chosen. 

In the initial teletext specification, 
control characters were always dis¬ 
played as blank spaces, so it was 
immaterial when in the cycle they took 
effect. The original W.W. decoder took 
advantage of this by strobing the con¬ 
trol character decoder at count 3, 
having allowed the new data plenty of 
time to propagate through the gates. 
Under the current specification, where 
control character cells may be dis¬ 
playing held graphics, or a ‘new back¬ 
ground’ colour, they act at a cell boun¬ 
dary and are therefore defined either as 
‘set at’ if they take effect immediately, 
or ‘set after’ if they do so at the transi- 
don to the next character. 

Russell’s board 3 deals with the pro¬ 
pagation delay in gates 101, 106 and 116 
by feeding the control character de¬ 
coder and graphics generator from 
latches which are loaded at dot count 0, 
the one-clock-period interval after the 
r.a.m. latches are loaded (at count 7) 
allowing plenty of time for the gate 
outputs to settle. The character cell for 
graphics and controls is therefore one 
dot to the right of the alphanumeric cell, 
the effect being to give one space before 
and two after the alphanumeric sym¬ 
bols (with the T.I. r.o.m.), rather than 
two before and one after, as was or¬ 
iginally the case. The purpose of the 
graphics latch IC102 on board 3 is to keep 
the most recently displayed graphics 
symbol available to be called up as a 
held graphic, its loading being control¬ 
led by AND gating of data bit 6 (high for 
graphics, low for alphanumerics) with 
dot count Qc (1,8) so that a new graphic 
appearing on the' data bus at count 7 is 
clocked into the latch at count 0. 

The bit 6 signal used here is delayed in 
IC211, which ensures that the new value 
appears at 116, pin 1 after Qc has gone 
low, remaining static while it is high. If 
116, pin 1 were fed from (117,10), the old 
value of bit 6, still present at the Qc step 
due to delays in ICn? and ICus, would 
clock IC102 with a spurious signal. The 
delay of one display cycle in the control 
and graphics signals needed to com¬ 
pensate for the extra cycle taken by the 
character rounder is achieved by 
changing the load point of the r.a.m. 
latches IC28 and (69,9) from count 7 to 
count 0, the same as the board 3 latches, 
thereby giving the one cycle delay. ' 
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points on both the display and reference 
rows, six signals in all. The serial out¬ 
puts from the shift registers IC212 and 
IC214 are each fed through two sections 
of quad D latch IC216 connected as a 
further two stages of shift register, the 
‘following’ signals being taken direct, 
the ‘current’ ones after one stage, and 
the ‘previous’ ones after two. The 
complementary outputs provide the 
inverse signals needed, and the outputs 
from the pre-rounding gate (210,8) and 
the post-rounding gate (210,6) are com¬ 
bined with the ‘current’ display-row 
signal in gate (202,6). 

The new facilities introduce an 
important difference between the ac¬ 
tions of line/field and control-character 
blanking. The latter, when overridden 
in held graphic mode by a graphics 
select signal via 118, 6, disables the Y 
signal on board 4, leaving a space which 
may be displayed black or in a new 
background colour. The line/field blank¬ 
ing, applied outside the area of the 
display, inhibits it completely via the 
strobe input of R G B multiplexer IC105 
and is also fed into board 4 to blank its 
white output in order to provide a 
proper monochrome signal there for 
test purposes. 

Under certain circumstances, dif¬ 
fering delays in the propagation paths 
of the various signals involved in the 
generation of the graphics Y signal give 
rise at character cell boundaries to 
glitches of incorrect data lasting a few 
tens of nanoseconds, which if not 
removed are clearly visible on the dis¬ 
play. A t.t.l. gate in the high state acts as 
a source of 3.6 volts in series with about 
190 ohms, so the exponential charging 
waveform across a capacitor of InF 
takes around 50ns to rise to the 
approximately 1.3V input threshold 
level of the following gate. The low- 
state output impedance of 10 ohms with 
a current limit of 50mA discharges the 
InF capacitor to the threshold level in 
around the same time, so positive and 
negative edges both undergo a delay of 
50ns, while any pulses of shorter dura¬ 
tion than this disappear altogether. 

These typical figures depend on i.c. 
parameters, which are liable to vary 
between samples, and repeatability can 
be improved by adding resistance in 
series with the gate output. With 100 
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Fig. 3. Method of rounding characters 
with quarter dots. 


ohms, both transitions are expotential 
and the ratio of the time constants 
balances the effect of gate input 
threshold being nearer 0 than 1 level, so 
the edge delays are again about equal. 
Unfortunately, this only applies where 
the interval between edges is long 
compared with the delay time. In the 
case of a short pulse, where the back 
edge starts from a point on the ex¬ 
ponential tail of the front edge which 
has not reached its full value, the back 
edge is delayed less than the front one, 
producing an overall narrowing of the 
pulse. Without the series resistance, 
negative (but not positive) going pulses 
can be delayed without distortion due to 
the almost linear capacitor waveform 
with very little tail, but it is not true that 
a pair of equal value capacitors at 
opposite polarity points balance out 
distortion - in fact they produce it on 
short pulses of either polarity. 

Applying these principles to the de¬ 
coder waveforms, the only area of one 
clock pulse width in the graphics is the 
central space in separated-mode cha¬ 
racters, so a capacitor can safely be used 
to remove glitches, provided that is is 
used without gate series resistance and 
at a point of positive going video. A 
value of InF at (206,1) is sufficient to 
absorb the glitches and brings the total 
delay in the graphics Y channel up to 
around 110ns relative to the colour 
controls. To prevent this giving rise to 
wrong colours at the right hand edges of 
graphics held-over colour controls, a 
compensating delay is introduced into 
the latter signals. Since these contain no 


Fig. 4. Waveforms of the dot counter 

IC2J3. 
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short pulses, 100 ohm gate series resist¬ 
ances can be used here in conjunction 
with the shunt capacitors. 

Rounded alphanumerics contain 
bright areas of one clock pulse width, 
and gaps of a half, so shunt capacitors 
cannot be used at all on these signals. 
Fortunately, their phasing is less critical 
due to the 1 dot space either side of the 
character, and the arrangement of 
timings in the character generator to 
give a delay of one clock period gives 
acceptable relative alignment. In this 
circuit, a negative-going dot count 7 
signal from IC42, pin 9 is fed to the 
synchronous shift/load inputs of the 
74166 shift registers IC214 and IC212, so 
that the new row data from the 
reference latch and the r.o.m. is loaded 
into the two sets of parallel inputs C to 
G on the next positive clock edge (dot 
count 0). The other inputs, including H, 
are earthed, so that the first character 
dot appears on the shift register output 
Qh at count 1, and the generator output 
(202,6) at count 2 due to the further 
delay in IC2i6. 

Upper-case only 

Before the character rounding circuit 
was fitted, an experimental reversion to 
displaying all letters in upper case was 
found to imprve readability, but the 
crude method of switching r.o.m. bit 6 
input to bit 7 renders Vi, 11, %, DEL, 
and control characters incorrect. A 
gating circuit to change letters a to z to 
upper case without affecting any other 
characters was therefore devised using 
IC201, (202,8), (209,10) and (209,12). Four 
separate switches are provided to dis¬ 
able this circuitry, together with the 
character rounding, the control cha¬ 
racter blanking, and the new facilities 
provided by board 3. The feature of 
being able to bring these in and out of 
action at will is valuable for instruction 
and demonstration purposes, and is not 
provided for in l.s.i. decoders designed 
for consumer use. 

Character-display dot counter 
To help minimise the number of i.cs in 
the decoder, Daniels used common 
clock-divider circuitry for acquisition, 
and display modes, giving an eight-dot 
character cell. The alphanumeric cells 
have five character dots to three spaces, 
while graphics are split 4/4 for con¬ 
tiguous and 1 sp-2 char-2 sp-2 char-1 sp 
for separated ones. The illustrations on 
page 16 of the current specification’ 
show a seven-dot cell, split widthwise 
into 3V'2-^‘/2 dots for contiguous graphics 
and 1 sp-2 char-1 sp-2 char-1 sp for 
seprated ones. The new board therefore 
contains a new dot counter, IC213, 
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◄ Fig. 1 . Circuit diagram of board 4. 
Asterisks denote changes in 
connexions to board 3. Upper-case and 
character rounding switches are taken 
to body of board. All pads connected to 
board III are on the lower side of board 
IV and are denoted by suffix L. 

Prefixes C and W are those used on 
board III 


Where two latches are used in cascade 
in this manner it is essential to ensure 
that any differences in precise loading 
time due to different gate paths tend to 
clock the second latch first. This condi¬ 
tion is met here because the r.a.m. 
latches are fed from a 7442 decoder 
containing three stages of logic, while 
the control character latches ICnz and 
ICii7 are clocked from IC213 Qc. via an 
inverter and a gate. 

With Russell’s ‘new facilities’ modifi¬ 
cation, the controls for ‘Box’ and ‘Un¬ 
box’ are decoded on board 2 and delayed 
from ‘set during’ to the correct ‘set after’ 
by (117,5) on board 3. The additional 
delay of one character needed with 
rounding to match the other signals is 
provided by a 22nF capacitor on the 
output of IC 41 . This method is permis¬ 
sible here because the signal is not used 
for any other purpose and because 
(117,5) only samples the signal at count 
0 , so the correct state will be loaded if 
the delay due to the capacitor is be¬ 
tween 4 and 11 clock pulses. The situa¬ 
tion with ‘Flash’ is more complicated, 
since board 3 uses the original board 2 
circuitry for alphanumeric/graphic 
selection, blanking held over a ‘Flash’ or 
‘Steady’ control character, generation 
and mixing of ‘Flash’. The controls for 
Flash and Steady still set at count 3, so 
without the new board a graphic will 
start and stop flashing in the middle of 
the character cell. To minimise inter¬ 
connexions and modifications to board 
2 the select and blanking functions are 
performed on the new board, while the 
flash control gated with the oscillator 
signal is brought onto it. Latch (207,5) at 
(207,2), in conjunction with gate 
(206,10), delays ‘Steady’ to the next cell 
boundary, timing it into set ‘at’ while 
‘Flash’ is delayed to the next boundary 
plus one cell to give set ‘after’, to 
achieve the specification. 

Odd/even field detection 

The original field sync, separator circuit 
gated the mixed sync, waveform with 
lOfis pulses from the margin generator 
IC3, (a monostable flip-flop, triggered 
from the front edge of sync, pulses), the 
gate (4,13) suppressing line syncs, and 
equalizing pulses, while leaving field 
syncs, only slightly shortened. Unfor¬ 
tunately, the trigger delay time of the 
monostable (70ns max) allows a short 
spurious pulse through (4,13), which is 


Fig. 2. Waveforms in the odd/even field ► 
selector, IC2i» 


removed by integrating it with Cj 
(lOnF) in conjunction with the 30-ohm 
output impedance of (4,13), a 7428 
buffer gate, to prevent it being seen by 
1C 7 and 1C 14 . The author cured stubborn 
problems of vertical bounce by sam¬ 
pling the sync, waveform lOps after 
syncs by means of a ‘D’ flip-flop, 
clocked from Q of 1C 3. Clearing the 
flip-flop from the sync, waveform pro¬ 
duces the same waveform as at (4,13) in 
the original circuit. 

On the new board this function is 
performed by D flip-flop (218,5) which 
sets whenever a broad field pulse is 
detected (following either a line sync, or 
an equalizing pulse), loading into (218,8) 
the state of monostable 208 1C which is 
triggered from syncs, as seen in 
waveform diagram Fig. 2. Provided that 
its period is less than 32tis plus the 
duration of IC3 pulse (lOfis), field syncs 
occurring in the first half of a line will 
load (218,8) high, while those in the 
second half will load it low, so that it 
takes up a state determined by whether 
the final field pulse was in the first or 
second half of the line, thereby dis¬ 
tinguishing between odd and even 
fields. The period of monostable 208 1C 
must be greater than 32[is; if less it will 
retrigger on the equalizing pulses. The 
timing components are therefore 
chosen for 37ps allowing 5|j,s margin 
- each way. The resistor and capacitor 
must therefore be close-tolerance, 
high-stability components of ± 2 % or 
better. 

Reference row address selection 
In character rounding, the address of 
the reference row is alternately one 
more and one less than the display row. 
For normal-height characters this 
alternation occurs every field (requiring 
the odd/even signal), while for double 
height the alternation is every line, the 
least significant bit of the line count 
being used. The selection between these 
two signals is performed by gates 
(215,12) and (215,6) under the control of 
a normal/double height signal from 
board 3, the gates being enabled by a 
low state of the display/reference signal 
from IC 213 Qc to give a row-address 
alternation signal at IC217. pin 11 . This is 
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fed to the 2nd, 3rd and 4th bits of the 
adder IC 204 to add zero or 14 which, with 
the inverted display/reference signal on 
bit 1 , gives an overall addition of one or 
fifteen, the latter being equivalent to a 
subtraction of one. 

At IC213, count 0 , the new data is 
applied to the character-address of the 
r.o.m., together with the reference row 
address. At count 4, the row data is 
latched into IC211 and the address 
changed to that for the display row, 
while at count 0 the reference row data 
is loaded into the shift register IC214 and 
the display row data into its partner 
IC212. 

Character generation and 
rounding 

The alphanumeric characters are built 
up on a dot matrix of 5 wide by 7 high, 
each dot having a duration of one clock 
cycle and a height of one line per field. 
The overall height is two picture lines, 
due to the interlacing of alternate fields. 
Character rounding effectively doubles 
both the horizontal and vertical resolu¬ 
tion on diagonals by detecting and then 
smoothing them out by adding small 
dots, sometimes described as ‘half dots’, 
although they are really a quarter of a 
full dot in area, being half a clock cycle 
wide and one line high. 

On an odd field, the upper one of the 
interlaced pair, the display row is 
compared with the reference row (the 
picture line immediately above) as fol¬ 
lows. Where there is a dot in the 
reference row and the following point in 
the display row but not the following 
point in the reference row, these three 
conditions, AND gated with the second 
half of the clock cycle in ( 210 , 8 ), pro¬ 
duce a ‘pre-rounding’ quarter dot, as 
shown in Fig. 3. The reference row is 
similarly gated with the previous point 
in the display row, the inverse of the 
previous point in the reference row, and 
the first half of the clock cycle in ( 210 , 6 ) 
to produce a ‘post rounding’ quarter 
dot. On even fields the display row is 
compared with the one below in the 
same way. 

These logical operations require 
simultaneous availability of the pre¬ 
ceding current and following picture 
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which is switched to give seven clock 
pulses per display character. In order to 
split up the graphics cells correctly it is 
necessary for counts 4 and 5 to occupy 
only half a clock pulse each, as shown in 
the waveform diagram of Fig. 4. 

During acquisition mode (line 11-21 
high), (202,12) output is high all the 
time, so the inverted clock waveform 
from (209,2) is simply inverted back 
again in the exclusive-OR gate (217,3). 
During display mode, count 3 sends 
(202,12) low, switching (217,3) over to 
non-invert and changing its output to 
low. A synchronous counter is needed 
to ensure that the propagation delay 
round this loop is less than half a clock 
cycle (72ns), so when the clock goes low 
(217,3) goes high, causing the counter 
IC213 to advance to 4. IC202. Pin 12 then 
reverts to high, returning (217,3) to 
invert, so its output goes low ready to 
advance the counter again when the 
clock goes high. The counter spends 
half a clock period in the ‘3’ state and 
half in the ‘4’ state due to the extra 
count, a scale of eight being achieved in 
seven clock periods. Placing the extra 
count in the middle preserves the sym¬ 
metry of the graphics, whether 
separated or contiguous. 


Board 3 modifications 

Because alphanumerics are generated 
during the character cycle before that in 
which they are displayed, the new row 
address for both alphanumerics and 
height’ has to reach the alphanumerics 
generator a cycle before the change is to 
take effect in the display. Since double 
height is a ‘set-after’ mode, the ‘at’ 
signal on IC113, pin 11, whose back edge 
sets the double height bistable IC121, can 
be combined with its output in gate 
(205,11) to change the row address at 
the arrival of the control character. 
Unfortunately, this is too early for the 
graphics and has to be delayed for them 
in ‘D’ latch IC207, otherwise a graphic 
being held over a double-height control 
character would be incorrectly dis¬ 
played as the top half of that graphic in 
double height. 

On return to normal height, the row 
address for both alphanumerics and 
graphics now sets ‘after’ rather than ‘at’, 
but this of no consequence, since sec¬ 
tion 3.1.7 of the specification■' requires 
that held graphics are cleared at a 
change between alphanumerics/ 
graphics or between double/normal 
height, so a normal-height control can 
only be displayed as a space. The line¬ 
blanking signal is delayed one character 
cycle by feeding through the unused 
section (output pin 2) of hex. latch IC 1,7. 
A InF capacitor was found to be needed 
from IC125, pin to to earth to prevent 
vertical jumping of the part of the pic¬ 
ture below a double height row. 

To enhance the action of the video 
switch, the mixed blanking signal is 
taken out ater inversion by (124,8), 
combined with the ‘box’ signal in gate 
(205,3) and fed back into (105,15) to 



disable the RGB text outputs while the 
tv picture is displayed. This makes the 
unit suitable for those sets where the 
preferred method of interfacing is to use 
the ‘cut hole’ signal to blank the picture 
in the video processor, while feeding the 
RGB text signals in via switching 
transitors wired in parallel with the set’s 
RGB output stages. 


Power supplies 

The new display board 4 together with 
board 3 bypasses a fair amount of board 
2 circuitry, but, unfortunately, this is 
distributed among the i.c. packages 
such that only seven i.cs, numbers 52, 
53, 58, 60, 61, 74 and 75 could be dis¬ 
pensed with completely, which reduces 
power consumption by only around 
100mA. It is useful to retain board 2 
intact for diagnostic and test purposes. 
There is also a risk of introducing faults 
by unnecessary disturbance of the 
board in removing i.cs. 

While the original power unit may 
just supply board 3 if the reservoir 
capacitance is increased, the further 
current required by the new board 
makes an additional power supply es¬ 
sential, although how this is achieved 
depends on the individual constructor. 
For the prototype, a completely new 
power supply was built, with three 7805, 
three-terminal regulators feeding res¬ 
pectively: 

-board 1 (750mA) and analogue board 
(100mA). 

—board 2 (470mA) and board 3 (570mA). 
-board 4 (530mA) and possible future 
additions. 

The printed-circuit board is designed to 
mount above board 3 so that the 
assembly will just fit into the standard 
cabinet, with VR3 removed and the 
existing boards mounted as close 
together as possible. 

Construction and installation of the 
new board will be described in the next 
article. 
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Humphrey Hinton, aged 40, with three 
children, has lived most of his working life 
in Cambridge where his spare time is taken 
up with being a Church Council secretary 
and school manager. 

After reading Electrical Sciences at 
Trinity College, he took an M.Sc. and then 
worked with tunnel diodes at Harwell 
before returning to Cambridge as a tech¬ 
nical officer at the observatories. From 
1968 he was engaged on acquisition and 
handling of test data for the Hovertrain 
project until its cancellation by the 
Government in 1973. He now works in 
the engineering department of Pye Busi¬ 
ness Communications Limited on special 
c.c.t.v. and audio systems for industry, 
and has recently developed a push¬ 
button, stored-number loudspeaking 
telephone. 
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Electrical noise 
measurement 

Mr Richard C. Kirby, Director of the CCIR, 
Geneva, writes as follows about James Moir’s 
article “Electrical noise measurement in 
audio engineering” in the August 1978 issue:, 

In this article numerous references are 
made to “lEC 268-3” “CCIR 468-1” and 
“CCIR 468-2”. In fact all these references 
should read “CCIR Recommendation 468-2” 
since this is the text to which reference is 
made. There appears to be some confusion by 
the author of the two organizations ISO and 
CCIR. 

Furthermore, since Recommendation 468- 
2, replaces and abrogates Recommendation 
468-1, reference to this latter text should be 
deleted. 

Finally, in the references, the insertion 
“CCIR Recommendation 468, Study Pro¬ 
gramme 2A-10” should read: 

CCIR — Documents of the XIVth Plenary 
Assembly, Kyoto, 1978, Volume X, Recom¬ 
mendation 468-2, 1978. 
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Wideband noise reducer 

Cost-effective i.e. design pumping effects with pre-emphasis 

by D. L. Harrison B.Sc.(Eng) 


The noise reduction system described 
can yield a wideband reduction of tape 
recorder noise of about 30dB. A 
compander integrated circuit forms the 
heart of the system and judicious use of 
pre-emphasis and de-emphasis reduces 
noise pumping effects. 

ONCE OPTIMIZED for the signal levels 
in a particular installation the noise 
reduction provided by this circuit is 
dramatic. From a hissy, hummy tape 
output one can enjoy absolute silence 
during quiet passages without, in my 
opinion,noticeably degrading the music 
programme. The system does not use 
r.m.s. signal detection, as does the dbx, 
system, but I feel that r.m.s. signal 
detection, whilst it does offer some 
advantages, is not the panacea it is 
often made out to be. It is less sensitive 
to phase errors in the channel compared 
with average signal detection. Admit¬ 
tedly the tape medium is notorious for 
introducing phase errors that could lead 
to compander mistracking if r.m.s. de¬ 
tection is not used. However r.m.s. de¬ 
tection is more susceptible to h.f. 
amplitude response errors than average 
signal detection* a fact rarely men¬ 
tioned by the proponents of r.m.s. de¬ 
tection. It would seem, therefore, that 
r.m.s. versus average detection is some¬ 
thing of a “swings and roundabouts” 
situation. Considering that the cost of 
the system here is about one tenth that 
of a dbx system and that the results are 
impressive. I feel a really cost-effective 
design has been achieved. 

A problem which has plagued simple 
companders in the past has been that of 
noise pumping. When the average value 
of the signal is high as at A in Fig 1 the 
expander gain is also high and so the 
background noise signal is amplified. 
However this noise is generally not 
heard because of the masking effect of 
the signal. At B, however, the average 
value of the signal has dropped, i.e. a 
very quiet passage following a very loud 
passage of music. The expander is un¬ 
able to change its gain instantaneously 
and so due to this fall back time the gain 


♦M. G. Duncan. D. Rosenberg, & G. W. Hoff¬ 
man. Journal of the Audio Engineering Society. 
Oct. 1975, vol. 23. Design criteria of a universal 
compander for the elimination of audible noise in 
tape, disc, and broadcast systems. 


High average value 



Fig. 1. Simple companders are un¬ 
able to respond instantaneously to 
a fall in signal level, giving rise to 
obtrusive changes in noise level. 

is high whilst the signal is of a low level 
and thus the noise can be clearly heard. 
This is a serious shortcoming of the 
simple compander because a noise level 
of varying amplitude which is pumped 
up and down by the signal level has a 
greater annoyance value than a steady 
noise level. 

Fortunately the effect of this noise 
pumping can be subjectively reduced by 
including signal pre-emphasis before 
compression and de-emphasis after ex¬ 
pansion. This is the method adopted by 
dbx Inc and by the system presented 
here. In this particular design a pre¬ 
emphasis of -b 12dB starting at about 
500Hz is used. This does not eliminate 
noise pumping but reduces the high 
frequency noise by 12dB and renders it 
inaudible under normal listening condi¬ 
tions. On compression this 12dB lift 
becomes 6dB which is passed to the tape 
recorder. 

Now unfortunately if one is recording 
at levels of about —10 to 0 VU there is 
very little headroom until tape satura¬ 
tion is reached and even less at the 
higher frequencies. Thus 6dB lift at 
frequencies above about 2kHz could 
very easily lead to high frequency tape 
saturation. This may be counteracted 
by including pre-emphasis in the signal 
detector path as shown in the system 
block diagram. The particular design 
here uses a detector pre-emphasis of 
-l-20dB starting at about 1.6kHz, in 
common with the dbx svstem. Curve 
(a) of Fig 2 shows the signal pre¬ 
emphasis whilst curve (b) shows the 
overall frequency response of a com¬ 
pressor combining the two amounts of 
pre-emphasis. At frequencies above 
about 2kHz the recorded signal level 
actually reduces. 

A further problem akin to noise pum- 



Fig. 2. Effect of noise pumping is 
reduced by using pre-emphasis 
(curve a) prior to compression and 
corresponding de-emphasis on 
expansion to reduce h.f. noise by 
12dB. Possibility of tape saturation 
is alleviated by adding 
pre-emphasis in the detector path, 
as in the dbx system, giving 
combined result of curve b. Low 
frequency pre-emphasis, included 
in curve c helps to reduce 
audibility of hum signals. 




Fig. 3. Variable-gain circuit in 
compressor (a) and expander (b) 
provides signal current into the 
op-amp whose amplitude is 
proportional to the average of the 
current flowing in the rectifier circuit. 
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State of the art cassette tape decks 
costing say, £700, can offer a dynarnic 
range of about 60dB, but a more realistic 
figure for machines which the majority 
of us are able to afford is about 45-50dB. 
As the signal-to-noise ratio of good 
quality discs played using high quality 
electronics can be about 60dB, f.m. 
broadcasts can be as good as 70dB, and 
live material can have a dynamic range 
exceeding lOOdB, one must ensure that 
programme peaks do not cause tape 
saturation, thus losing the lower end of 
the dynamic range amongst the noise. 

This problem has been addressed by 
many workers in recent years and the 
solution, in one form or another, is to use 
signal compression before recording and 
complementary expansion on playback. 
Possibly familiar is the Dolby B system 
for domestic use, providing up to lOdB 
reduction in noise frequencies above 
about 2kHz. Whilst a lOdB reduction is 
certainly worthwhile the remaining noise 
is still audible when listening at realistic 
sound levels. A more recent system, 
introduced by dbx Inc, yields 
improvements of 30dB and subjectively 
reduces noise to below audibility. 
Excellent though it may be, the system is 
still very expensive and so a circuit was 
designed with the aim of approaching 
the dbx performance but which was well 
within the scope of the amateur 



constructor. 

The circuit achieves noise reduction by 
wideband compression and expansion. 
The compressor contains a voltage 
controlled amplifier (v.c.a.) whose gain is 
inversely proportional to the average 
value of its output voltage, i.e. 



The gain of the v.c.a. is controlled by the d.c. 
output of an averaging rectifier stage whose 
output is proportional to the average value 
of its alternating input voltage. If input V,„ 
changes by, say, +20dB then the gain will 
change by — lOdB thus the output will 
increase by only + lOdB. Square-law 
expansion is the exact complementary 
process, i.e. G = fei x Vm(av) 
thus an input change of 
-I- lOdB will cause the gain to increase by 
-I- lOdB and the output to increase by 
-l-20dB. 


ping is that of hum pumping. This arises 
when the playback signal from the tape 
recorder contains an audible hum com¬ 
ponent. This hum signal will also be 
pumped up and down in level by the 
signal. Now whereas a high level signal 
will effectively mask a high frequency 
noise component the same is not true 
for a low frequency noise component 
(hum) hence hum puitiping is subjec¬ 
tively even more annoying than h.f. 
noise pumping. This problem is eased by 
the use of low frequency pre-emphasis 
and curve (c) in Fig. 2 shows the overall 
compressor frequency response of the 
final circuit. Note that the end-to-end 
frequency response of the compressor 
and expander combination is flat since 
their frequency responses are comple¬ 
mentary to each other. 

In any compander system the band¬ 
width of signals presented to the device 
which measures signal level and hence 
controls signal gain should be the same 
in expand mode as in compress mode. 
From any high quality music source the 
bandwidth could be up to 20kHz whilst 
a low quality cassette tape recorder may 
have a bandwidth of only 10-12kHz. 
Such a mismatch means that the signals 
seen by the rectifier circuit are not 
identical on record and playback. Since 
most of the energy of music signals is 
contained in frequencies below lOkHz a 
20Hz-to-10kHz bandpass filter is in¬ 
cluded in the signal feed to the rectifier 
to prevent this bandwidth mismatch. 
The lower filter frequency of 20Hz en¬ 
sures that subsonic signals such as 


turntable rumble or acoustic pickup 
from passing heavy goods vehicles do 
not cause rectifier mistracking. 
The compander integrated circuit used 
is the Signetics NE570 which contains a 
stereo pair of compander circuits. Each 
half of this chip contains an operational 
amplifier, a variable gain cell and an 
averaging rectifier circuit. The variable 
gain cell can be thought of as the v.c.a. 
but it provides a signal current into the 
summing node of the op-amp whose 
amplitude is proportional to the average 
amplitude of the signal current flowing 
into the rectifier circuit. The relation¬ 
ship, with symbols as in Fig. 3(b), is 

Vjn(av)Vin 

70(lAXR,R^ . 

The basic configuration of the NE570 in 
both compress and expand modes is 
given in Fig. 3. In compress 

Vi„=ZjIiG (considering magnitudes only) 
and Vi„ in equation 1 becomes Voui(comp) 

, Z3Vou.(.v)Vout 
• 70|jlAxR.R2 


If we write V„, 


i = GVi„ 

70|jiAxR,R2 
' Z3GVi„(.,) 


.-.G 


70vAxR,R2j'‘ 
Z3V.„<.v, )’ 


which is a square-root compression law. 


ZsVinfaviVin 

In expand, V„„,=Z3liG= yOpAxRiRj 

orv - ^3Vin^.v) 

70|iAxR,R2’ 

which is square-law expansion. 


IN THE EXPAND MODE the output 
noise of the NE570 is about 20iaV and the 
maximum signal output available is 
around 5V r.m.s. (2V r.m.s. in compress). 
Thus the available dynamic range of 
this chip is in excess of 105dB. To take 
maximum advantage of this very good 
figure an input amplifier stage in the 
form of an LM381 low-noise chip is used 
to drive the NE570 at fairly high levels 
on playback see Fig. 4. Resistors R4 and 
R3 bias the output voltage to about half 
supply voltage. The configuration 
chosen also allows the gain in playback 
and record modes to be changed very 
easily. The value of R] was chosen to 
suit my hi-fi set up and allows a maxi¬ 
mum input signal level in compress 
mode at any frequency of 2.0V peak. 
And the value of Rj was chosen to suit 
my tape recorder when playing back 
signals recorded at —10 to —6VU. In 
the expand mode the absolute maxi¬ 
mum input signal is 300mV peak. 

Referring to Fig. 3 the complex' 
impedance Z3 is realised in Fig. 4 by R5, 
Re and C7. These components provide 
the signal pre-emphasis as follows. At 
low frequencies C^ is virtually open 
circuit and Z3 is lOOkSl. As frequency 
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increases the reactance of decreases 
and gradually shunts R5 with Re, until at 
high frequencies C7 is virtually a short 
circuit. The h.f. impedance of Z3 is then 
33kJ2 in parallel with 100kf2 (25ki2) i.e. 
12dB lower than the low frequency 
impedance. Hence the 12dB pre¬ 
emphasis prior to compression and 12dB 
de-emphasis after expansion. The value 
of Z3 was chosen so that the average 
gain of the NE570 at the signal levels 
involved was approximately unity. 
Thus on switching the noise reduction 
system in and out there is little or no 
difference in output level. 

The NE570 is d.c. biased with R7 and 
Rg with a.c. feedback being returned to 
ground by Cg. 

Input offset currents in the variable- 
gain cell can cause even-harmonic 
distortion which can be trimmed out if 
desired; it is quoted as typically 0.3% if 
pins 8, 9 of IC2 are left unconnected. 
Provision is made on the p.c.b. for R9, 
Rio and the pre-set resistor which can be 
included to trim the distortion down to 
0.05%, given a distortion meter to set up 
this adjustment. 

Capacitor C|o is the rectifier 
averaging capacitor and its value de¬ 
termines the transient response of the 
compander. The value of 3.2jtiF was 


determined by experiment only and was 
found to suit the type of music which I 
most often listen to (pop with some 
lighter classics). You may of course, 
choose other values to suit your own 
preferences. 

Resistors Ri2 and R13 are included to 
refer the a.c. signals to ground so that 
on switching between in and out, or 
between compress and expand, large 
d.c. changes are not passed on to the 
output resulting in loud “thumps”. 

The rectifier bandpass filter, and pre¬ 
emphasis are realised by IC3, a quad 
op-amp, also a fairly conventional 
voltage-controlled voltage source type 
of active filter. Resistors R24, R25and Rig 
bias the filter output voltage to half 
supply voltage. 

Components R21, R22 and Cie provide 
rectifier pre-emphasis. At low frequen¬ 
cies C16 is open-circuit and the closed- 
loop gain of IC3b(d) would be R23/ 
(10-1- 100)kS2. At high frequencies Cig is 
short-circuited and the gam is R23/ lOkll, 
i.e. 20dB higher. 

Signal pre-emphasis at low frequen¬ 
cies is produced by Cn in conjunction 
with R,, and the internal 20kn resistor. 
Resistor R26 limits the maximum l.f. 
pre-emphasis to 12dB. In compress, this 
network controls the feedback current 
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via the AG cell and in expand the net¬ 
work controls the input current to the 
NE570 op-amp.ComponentsRii,Cii, Rjg 
provide l.f. pre-emphasis in the com¬ 
press mode and l.f. de-emphasis in the 
expand mode. If you find that hum 
pumping is still a problem experiment 
with different values of Cn and R26, 
according to how much hum is present 
in the tape recorder playback output. 

The lowish value of C9, in conjunction 
with the low values of Ru, R15 forms a 
high pass filter (fg 20Hz) to remove the 
change in direct voltage which occurs 
at the NE570 output pins when the gain 
changes. This does not affect the l.f. 
signal frequency response however, 
because C9 is within the feedback loop 
around the NE570. 

I chose to use flat p.c.-mounting NF- 
type relays by Thorn or National 
Panasonic to achieve signal switching 
between compress and expand mode 
and to switch the processor in and out 
of circuit. Multipole switches, other 
types of relay or even semiconductor 
switching may be used, but the 
p.c.b. design accepts only the NF relays, 
however. It is advisable to use separate 
power supply and earth return leads for 
the relays. The relay coil current is 
about 40mA and this will avoid small 







































Double-sided glass fibre printed boards 
are available from the author at 22 
Chandos Drive, Martlesham, 
Woodbndge, Suffolk IP12 4TA at £3.50 
inclusive. NE570 i.c. costs £4.95 from 
the same source. 


Board holes are 0.8mm dia. except 
mounting holes (3.5mm), 
potentiometer holes (1.3mm), and 
relay, terminal connections and power 
supply components (1mm). 
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clicks being heard due to transient vol¬ 
tage drops in the signal earth line. 

A possible power supply circuit is 
show in Fig. 5. As my system was to be 
built into an existing tape recorder 
I used its existing mains transformer and 
rectifier. The transformer secondary 
provided about 17V r.m.s. on load and 
could easily cope with the extra loading. 
The circuit consumes about 20mA, the 
relays up to 80mA and the voltage 
regulator another 5mA. The rectified 
output voltage on the reservoir capaci¬ 
tor of the tape recorder was about 22V 
d.c. on load. A voltage doubler circuit 
was used to obtain a voltage of about 
-t-45V. The voltage applied to the LI23 
voltage regulator i.c. is dropped by R27 
and limited under no-load conditions by 
Zi and Z2 to about 30V. The ratio 
(R28 + R29)/R29 determines the output 
voltage. The p.c.b. design includes the 
power supply components to the right 
of the broken line in Fig. 5. The current 
through, and the voltage drop across, 
the L123 are sufficiently low for there to 
be no need to heatsink it. 

Precautions 

When a music signal is compressed, 
regardless of whether pre-emphasis is 
used or not, its tonal balance is 
dramatically changed. This is because 
higher frequency components of the 
signal for example cymbals, wire brush, 
etc., in general contain less energy than 
the low or mid-range frequencies. Be¬ 
cause of their lower amplitude, when 
passed through a compressor they will 
be amplified more, relative to the lower 
frequency instruments, when there are 
no other high level signals present. This 
is confirmed by listening to a com¬ 
pressed music signal, even without pre¬ 
emphasis, when it sounds extremely 
bright and toppy. When recording a 
compressed signal, therefore, the pro¬ 
blem of h.f. tape saturation is made even 
worse because there is now a greater 
proportion of high frequencies to deal 



Compressor law with ideal curve and 
measured values. Measurements made 
at LM381 input and NE570 output at 
IkHz. 



the broken line of this 
suggested circuit. 


with. This has the effect of rhaking the 
waveform even more peaky in nature. If 
the tape recorder VU meters are of the 
simple averaging type instead of peak- 
responding then recording at levels 
which cause the VU meters to peak at 
OVU may well cause h.f. clipping. This 
causes high frequency instruments to 
sound rather like two sheets of 
glasspaper being rubbed together! I 
found it necessary to record at levels 
not exceeding —6VU. This is no disad¬ 
vantage because the noise reduction 
obtained is sufficient to ensure that tape 
noise is still inaudible, even when 
recording at these lower levels. Indeed 
the frequency response will almost cer¬ 
tainly improve by recording at lower 
than normal levels. Determine the opti¬ 
mum record level and adjust R2 to alter 
the gain of the LM381 stage. This com¬ 
pensates for lower or higher output 
voltages from the tape playback 
amplifier.n 


Expander characteristic with ideal 
square law curve and IkHz measured 
values (marked x). 


Come and see us 
at “Breadboard ’78” 

Wireless World will be taking part 
in “Breadboard ’78”, an exhibition 
of electronic “kits and bits” to be 
held at Seymour Hall, Seymour 
Place, London Wl, November 21- 
25, from 10 a.m. to 7 p.m. each day. 
Admission price is £1.00 (students 
70p). Readers will be welcome at 
our stand. No. B4. 

Breadboard survey — p.9l 
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INTERNATIONAL 
VIEWDATA/TELETEXT 
STANDARD 

In the August issue of Wireless World, I read 
a report entitled “Systems rivalry for inter-' 
national viewdata and teletext.” I am very 
interested in this report, in which I have 
found serious mistakes. These may lead your 
readers to a complete misunderstanding of 
what really happens and I hope you will 
publish some clarifications and corrections; 
the high quality of your public and the 
international reputation of your journal 
deserve more consideration than is shown in 
this anonymous report. 

First, it is useful to recall that an inter¬ 
national standard for a communication ser¬ 
vice is not issued from one national body or 
from one country. It comes from long dis¬ 
cussions in international organizations such 
as EBU and CCIR for broadcast services and 
CEPT and CCITT for telecommunication 
services. The ISO may also be involved when 
data processes are concerned. Every country 
may take part in these discussions and pro¬ 
pose its national solution as an example in 
order to reach a compromise, acceptable at 
the international level. There is no “systems 
rivalry” in this fact but international co¬ 
operation between administrations from 
which progress may come. 

This does not preclude, unfortunately, 
competition between industries, and it is 
often a temptation for them to try advancing 
their own products as internationally 
standardized equipment. This is not the case 
for CCETT, which is a little study centre of 
French broadcasting and telecommunication 
administrations (and not a massive research 
centre as is said somewhere in your report). It 
is one reason why. at the Rennes meeting in 
late January this year, a compromise was 
found, compatible with present viewdata and 
with significant differences from the present 
Antiope. The fact is that French and German 
representatives said that they prefer to lose 
money now, keeping present systems for 
experimentation only and awaiting an in¬ 
ternational agreement to develop the de¬ 
finitive one. Unfortunately, the agreement 
obtained in Rennes between the three par¬ 
ticipants was unhappily no longer supported 
by the UK administration (probably due to 
some pressure from industry which sup¬ 
ported the Ceefax/Oracle development) and 
the proposal made by the German Bundes- 
post and the French Administration to CEPT 
was then modified at Darmstadt in a manner 
that gave better compatibility with existing 
standards and a lower compatibility with the 
viewdata system. It has been, since then, 
supported by six European administrations 
and forwarded to CCITT and ISO. 

This common CEPT proposal keeps the 
original principles of the Antiope system 
presently exploited on broadcast and in 
interactive operations with enhancements 
due to contributions of other countries. It 
appears as an important step towards an 
internationally agreed standard. The Munich 
demonstrations for CCITT Study Groups I 
and VIII were of the present experimental 
Antiope standard and, of course, not of the 
proposed one. They did not suffer from a 
communication breakdown, as said in your 
report, but the demonstration given for 
Study Group VIII did suffer from the effects 
of a nice wine party kindly offered to dele¬ 
gates by the German Post Office! But that is 
another story. 

Another clarification should be made. A 



report and contributions have been written 
by CCETT showing that, with the Antiope 
system or according to its philosophy, a twin 
character set is enough for all CEPT and EBU 
countries. A BBC report from John Chambers 
shows that with the teletext system it should 
be necessary to use seven character sets, and 
a GPO contribution to ISO claims the need 
for three character sets. But this is a minor 
error of your report; the box describing the 
Antiope system is full of such errors and 
confusions between the system at present 
used and the proposals made for inter¬ 
national discussion. We would be very 
pleased to have the opportunity to describe 
in detail for your readers either the present 
Antiope broadcast or interactive system or 
the present state of proposals for a European 
standard. We consider that they deserve a 
complete treatment rather than such a 
polemic. 

B. Marti 

Centre Commun d’Etudes de Television et 
Telecommunications (CCETT) 

Rennes 

Editor’s note: CEPT stands for Conference Europ- 
denne des Administrations des Postes et des Tdiei- 
communications. 


F.M. TRANSCEIVER 
SYNTHESIZER 

The use of a 10.7 MHz crystal in the 
CA3089/HA1137 quadrature detector for 
n.b.f.m. most certainly does work and not as 
your correspondent J. D. Stumbles suggests 
(September Letters). In my own 2m syn¬ 
thesized transceiver which was built from an 
American ham radio article, I found that the. 
usual LC circuit in this application was 
useless, being very unstable and subject to 
drift. This can easily be seen with the use of a 
centre zero meter connected between pins 7 
and 10 (with the usual 4.7kS2-5.6kfl series 
resistor/ Tuned to a steady signal, the 
pointer goes from one side to the other as the 
quadrature LC tuned circuit drifts. Now, the 
use of the crystal completely eliminates this, 
but the secret is to damp the crystal with 
about 4.7kf2 in parallel with it. It will be found 
that the choke shown in the original article 
(between pins 8 and 9) must be replaced by a 
very small capacitor, typically IpF. In my 
case I used Vi inch of twisted wires. In fact 
the crystal may not act exactly on 10.700 
MHz as the circuit capacitance will more 
than likely differ from the crystal design 
shunt capacitance of 25-30pF. This usually 
gives rise to no problems unless the use of a 


centre zero meter is used, and is largely 
academic. 

Of greater concern is the well known 
property of this i.c. that with a high gain front 
end, or the use of a pre-amp, the squelch 
facility does not work. This can be overcome 
with an external squelch amplifier, and 
several circuits have been published lately 
(see recent editions of Radio Communica¬ 
tion). 

The CA3089/HA1137 is quite capable of 
giving good results with n.b.f.m., and with a 
narrow filter and CA3089 I have plenty of 
recovered audio, and a stable receiver demo¬ 
dulator. 

Stephen J. Gilbert G30AG 
Manchester 16 


V.H.F. FREQUENCIES 

I read with interest ‘Cathode Ray’s’ con¬ 
tribution to your September issue and noted 
in particular'his reference to the benefits for 
v.h.f. broadcasting if more of the 88-108 MHz 
band is made available for the purpose of 
broadcasting. While he is, of course, right in 
referring to this as in some sense a broad¬ 
casting band, in view of its general designa¬ 
tion as such within the ITU I really must 
point out that very many very large mobile 
radio users in this country currently have 
assignments in this frequency range for 
p.m.r. You will, of course, appreciate that not 
only would we view with horror the toss of 
any part of our currently available spectrum, 
but mobile radio users generally are ex¬ 
periencing greater difficulty in securing what 
we would consider appropriate assignments 
from the Radio Regulatory Department of 
the Home Office, and we are, therefore, 
pressing for considerable additional spec¬ 
trum to be made available to us. 

I would not want to propound a dog in the 
manger attitude. I think we all realise that 
there is a legitimate claim on spectrum for 
many different uses and broadcasting is quite 
demonstrably one of them but we do have to 
learn to live with each other and any 
significant changes can only be made over 
quite a long term, otherwise the cost impli¬ 
cations for many p.m.r. users are frightening. 
M. S. Hicks 

Greater Manchester Transport 
Manchester 


A.M. BROADCAST 
RECEPTION 

While having no quarrel with the sentiments 
expressed by ‘Cathode Ray’ (September 
issue) on the lack of programme choice 
offered to v.h.f. listeners, I should like to 
challenge his (and, it seems, just about 
everyone else’s) assumption that a.m. recep¬ 
tion in the medium-frequency broadcast 
band need always be as poor as it usually is, 
and to press for a.m. quality to be taken more 
seriously by broadcasting authorities and 
receiver manufacturers alike. 

This band is usually dismissed as hopeless 
for quality reception because it is horribly 
congested — which it is, but only at night. 
During the day, at all the locations in the UK 
and Europe that I have visited, I have never 
counted more than half a dozen strong local 
transmissions and at most twenty more 
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distant ones, on a typical domestic receiver. 
Between them, there is more empty spec¬ 
trum, proportionately, than in the v.h.f., 
broadcast band. I would therefore submit 
that there is a strong case for increasing the 
transmitted bandwidth of medium frequency 
transmissions to 13.5kHz during the hours of 
daylight, consequently radiating a very small 
amount of energy into the two adjacent 
channels on either side of the allocated 
pfrequency. Since the benefits of the wide¬ 
spread (but fortunately not universal) prac¬ 
tice of eliminating audio frequencies above 
5kHz are only fully conferred on those few 
receivers whose selectivity already intro¬ 
duces a comparable degreee of sideband 
cutting prior to the detector, adjacent chan¬ 
nel interference is unlikely to be any worse 
than it is at present for the vast majority of 
listeners. Indeed, I should be surprised to 
hear of instances where listeners, tuned to 
their local programmes during the hours of 
daylight, are suffering this form of inter¬ 
ference at all, since co-sited transmissions 
are invariably well spaced along the band. 

This would involve, of course, acceptance 
by transmitting authorities and receiver 
manufacturers that the proper organisation 
of medium-frequency broadcasting consists 
of producing not one inevitably unsatisfac¬ 
tory compromise between day and night¬ 
time reception, but two distinct approaches 
optimised for two completely different sets of 
circumstances. This has never been accepted 
by domestic broadcasters — planning still 
takes place on the basis that only the ground 
wave is to be trusted and the sky wave is just 
a damned nuisance, with the absurd result 
that, for instance, it is easier in many parts of 
Scotland to receive Deutschlandfunk than it 
is to hear the BBC, after dark. 

Given that an improvement in bandwidth 
is quite feasible during the daylight hours, 
let’s also do something about the signal-to- 
noise ratio. First, consider spending half as 
much as your three-element cost on a long 
piece of wire and a few insulators, and admit 
that a ferrite rod is not the last word in 
aerials.) As far as dynamic range is con-, 
cemed, it is generally accepted that a good 
deal of compression is advantageous on a.m. 
radio — but why not standardise the charac¬ 
teristic, and introduce corresponding de¬ 
compression on up-market receivers? It is 
saddening that a.m. has been largely ignored 
in experiments on noise reduction when it 
obviously is in much greater need of it than 
its f.m. counterpart. 

Receiver manufacturers ought to tear 
themselves away from the esoteric delights 
of designing even more spectacular f.m. 
receivers, the advantages of which are un¬ 
likely to be appreciated by the user, whose 
transmissions do not exceed broadcast 
standards even if his tuner does. How many 
hi-fi manufacturers dare publish the recov¬ 
ered frequency response and distortion fig¬ 
ures for the a.m. sections of their equipment? 
How many reviewers comment on the a.m. 
performance of this equipment, except in a 
couple of lines vaguely indicating whether it 
is any better or worse than usual? How good 
is ‘usual’? I have yet to come across a 
chrome-plated state of the art whose a.m. 
performance stands comparison with the 
Quad a.m. tuner, which is now a dated de¬ 
sign, surely easy to improve on with modem 
devices and techniques. 

It is not beyond the wit of man to design, at 
no great cost, an a.m. receiver with switch- 
able bandwidth for day and night-time 
reception, low-distortion detection, a sens¬ 
ibly engineered audio response and (broad¬ 


casters willing) noise reduction, which would 
surely result in a.m. being weccomed as a 
useful additional service, instead of tagging 
along as such a poor relation of f.m. as to be 
worth little time or trouble. 

Nor, I venture, is it impossible to reduce 
interference from television timebases, 
fluorescent lights, thyristor dimmers, etc. If 
the legislation we have is not adequate to 
deal with such problems it should be 
strengthened, and if it is adequate, it should 
be enforced more thoroughly. Right now, 
using an inexpensive but high-performance 
receiver', I can enjoy reception of certain 
transmissions which would astound those 
who cringe at the very thought of listening to 
an a.m. broadcast. And even if no-one will 
soil their hands trying to improve it, 
medium-frequency broadcasting will be with 
us still, for better or worse, in the foreseeable 
future. 

Norman McLeod 
Brighton 
Sussex 
Reference 

1. J. W. Herbert, ‘A homodyne receiver’. 
Wireless World, September 1973, pp.416-419. 
Editor’s note: Readers may like to consider the first 
part of this letter in relation to the discussion ih 
“The UK wavelength changes” by G. H. Sturge of 
the BBC elsewhere in this issue. 


EUROVISION LINKS 

In your somewhat facile dismissal of Eurovi¬ 
sion programming (July issue, page 50) you 
imply that “football matches, ‘It’s a Knock¬ 
out’ and... the Eurovision Song Contest” do 
not merit the retention of international 
television links. As is well known, these 
programmes are among the most popular 
shown on British television. 

In addition, you ignore the thrice-daily 
Eurovision News Exchanges, from which the 
UK broadcasters obtain many of their news 
items and to which they make a valuable 
contribution, not to mention many other 
programmes that do not fall into the three 
categories mentioned. 

I venture to suggest that you try pulling 
the plug on the Olympic Games in 1980 to see 
whether the television public share your 
opinions (or even your sense of humour). 

R. Gressman 
Technical Centre 
European Broadcasting Union 
Brussels 


THE NAKED 
MICROPROCESSOR 

Although I wholeheartedly agree with Mr 
Parr’s comments about software develop¬ 
ment and maintenance (Letters, August), I 
feel I must challenge his view that micro¬ 
processors will remain essentially “naked.” 

Microprocessors were indeed developed as 
programmable logic, but it has become 
abundantly clear that the architecture of the 
first ones does not readily support develop¬ 
ment of large and complex programmes, 
particularly, when written in machine code. It 
is interesting to note that the 16-bit micro¬ 
processors currently under development by 
Intel, Motorola and Zilog all have much more 
sophisticated architectures which are not 
only much closer to those found in “con¬ 
ventional” computers but which also make 
the job of high level language implementa¬ 
tion much easier. 


The rapidly decreasing cost of both hard¬ 
ware and software is likely to be crucial to 
the deyelopment of more complex systems. 
Hardware, particularly memory, is coming 
down in price constantly and there does not 
seem to be any likelihood that this trend will 
stop soon (although it might be slowed down 
by another “memory famine”). Software is 
also very cheap due to the sheer size of the 
market and there are signs that as this 
expands the prices will fall considerably 

There is also an increasingly large number 
of high level languages available: PL/1, 
CORAL 66, Micro COBOL, etc. This diversity 
means that it is easier to find software tools 
suited to the job in hand rather than con¬ 
structing one’s own or doing without. 

It is to be hoped that the naked micro¬ 
processor will not be with us for very much 
longer; it has already donned underwear and 
soon it may be dressed, in stout winter 
clothing, to meet the storm of problems, the 
howls of which can already be heard! 

M. R. Barrett 

Hextable 

Kent 


ARE YOU SITTING 
COMFORTABLY? 

“I have a dream about the future. I see the interior 
of a living-room. The wide windows are formed 
from double panes of glass, fixed and immovable. 
The conditioned air is fresh and warm. Old- 
fashioned people would feel uncomfortable without 
the fire and fireplace, others might miss the raucous 
brown box we used to call “the wireless”. 

But flush against the wall there is a translucent 
screen with numbered strips of lettering running 
across it. The lettering spells out titles which read 
Tike newspaper headlines. These are the titles, 
describing the many different "broadcasting” 
programmes which can be heard by just pressing 
the corresponding button.Television pro¬ 

grammes are set apart — even as I run my eye down 
the titles some have changed, showing that a new 

item has superseded the old.I lower myself 

into a chair and press the proper numbered button 
on a remote control panel place conveniently 

beside me.Tonight is the television premiere 

of a new English comic opera — I must get my 
dinner soon or I shall miss the curtain, otherwise I 
would stay to see the end of the tennis. But I shall 
get the result in my house newspaper tomorrow ... 

.. Printed while I sleep, by a machine in the lobby”. 

In these quotations from his book The 
Power Behind the Microphone (1941) P. P. 
Eckersley, Chief Engineer of the BBC, 1923 to 
1929, was dreaming of something which he 
admitted was “too expensive for practical 
realization”. 

Now that we are once again dreaming of 
the future (“The Paperless Revolution,” WW 
July 1978, p. 38) I believe that such “dreams” 
should be based upon our human limitations. 
Eckersley remarked upon ‘The control panel 
conveniently beside me”. This is where I 
must disagree with Mr Cawkell: sitting at 
and concentrating on his “consumersole” is 
not going to be a pleasure for me, much as I 
will delight in the multiplicity of electronic 
joys that it may bring. The size of the screen 
will surely correspond to the angle of useful 
vision, and the controls must be “con¬ 
veniently” (ergonomically?) placed. 

What will our friends the psychologists 
think of sitting all day or even several hours 
at the console? 

G. Beard 
London SW4 
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Telesoftware 

Home computing via teletext 

by John Hedger, Oracle service, Independent Television 


Telesoftware is a name given to a scheme 
for broadcasting computer programmes, 
by means of the teletext service, directly 
into microcomputers built into the 
teletext decoders of tv receivers. The 
television set becomes in effect a 
computer which receives its programme 
instructions by off-air signals rather than 
from a local source. As well as being 
available to the domestic user the service 
could be of value in education, science 
and business. A study by the 
Independent Television Companies' 
Association has resulted in an 
experimental demonstration 
decoder-terminal (shown at the recent 
International Broadcasting Convention), 
which is now being tested on-air. In this 
article the author reviews the progress of 
the project, and looks at possible 
applications for this new broadcasting 
technology. 


THE WORD ‘Telesoftware’ was coined 
by W. J. G. Overington, the man who 
proposed the idea. It literally means 
‘software at a distance’ and refers to the 
transmission of programmes for a 
microcomputer via teletext. Software 
bytes are represented by pairs of 
standard teletext characters, thus 
utilising an existing and well-proved 
transmission technique. 

The standard teletext decoder is, in 
fact, well suited to be adapted to work 
as a small computer. Its character 
generator and associated display 
circuitry can be pressed into service as a 
visual display. It has a page store which 


Fig. 1. Block diagram of ideal 
Telesoftware concept. 


may be used as memory. Even its 
numerical keypad, normally used to 
select teletext pages, can be used to 
enter simple data. With the addition of a 
suitable microprocessor, extra memory 
and other interfacing circuitry, the 
result is quite a powerful stand-alone 
computer, right inside the television set 
itself. 

At this stage, there is no mass-storage 
available, but since all the software for 
such a system can be stored in and 
transmitted from the teletext data base, 
the user only has to select the required 
page(s) containing his desired pro¬ 
gramme. Once this has been read in, it 
may be loaded and executed by the 
microprocessor, obviating the need for 
expensive storage peripherals or even a 
telephone line. Thus, once the hardware 
has been obtained. Telesoftware is a 
completely free service. 
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The number of separate computer 
programmes which may be carried by a 
teletext system at any one time is, of 
course, subject to the same limitation as 
the number of normal pages of text: 
namely, that an increase in the number 
of pages causes a corresponding in¬ 
crease in the time required to gain 
access to any one page. Programmes 
themselves, however, need not be con¬ 
fined to a single page, and may consist 
of data carried on a number of sequen¬ 
tially linked pages. The advantage of 
this is that no matter how many 
separate pages are employed in such a 
sequence, the total increase in access 
time on the system is limited to the time 
taken to transmit one page. For this 
reason, all Telesoftware experiments to 
date have been made using this method 
of transmission. 

The original specification 

The Independent Television Com¬ 
panies’ Association has been broad¬ 
casting Oracle, a teletext news and 
information service, since mid 1975. 
After about one year of operation, ITCA 
were approached by W. J. G. Overing- 
ton with a proposal for a Telesoftware 
system. At ITCA it was felt that the idea 
had some exciting possibilities for Or¬ 
acle, and in late 1976 Overington drew 
up a provisional specification for 
Telesoftware, based upon the use of the 
Sighetics 1650 microprocessor. 

The first specification drawn up was 
somewhat open-ended; deliberately so, 
since this would allow changes to be 
incorporated with little difficulty. The 
primary aim at this stage was to interest 
manufacturers of decoders, broad¬ 
casters and the computer industry. The 
system proposed was designed around a 
standard teletext decoder together with 
a Signetics 2650 microprocessor, extra 
memory and interfacing logic. 


The main memory used the teletext 
page-store r.a.m. (random access 
memory) already to be found in the 
decoder. This was arranged as two 512 
X 7 bit memory blocks, and would 
allow programmes to be entered as 23 
rows of 32 columns of teletext cha¬ 
racters. A secondary memory was also 
specified; this being 8K bytes of extra 
r.a.m. storage. There was also a tertiary 
memory. This was intended to act as a 
partial or complete replacement for the 
standard teletext character r.o.m. 
(read-only memory), so as to allow any 
character set to be remotely defined to a 
terminal. 

There was also provision for eight 
toggle switches to be used as an input 
register. An optional control pro¬ 
gramme, held on erasable p.r.o.m. (pro¬ 
grammable read-only memory), was 
included, although for cheapness there 
was provision for a control programme 
to be loaded from teletext itself. 

Progress of the scheme 

The first broadcast of Telesoftware (a 
simple programme written by Overing¬ 
ton) took place during late February, 
1977. Although fairly well reported the 
transmission simply served to provoke 
interest, since the project was still 
embarrassed by the lack of a working 
terminal on which to demonstrate pro¬ 
grammes. The situation was solved 
towards the end of 1977, when the ITCA 
initiated a study project to design and 
build an experimental Telesoftware ter¬ 
minal for demonstration purposes. It 
was decided to use for the experiment a 
simplified and somewhat modified ver¬ 
sion of Overington’s original specifica¬ 
tion. Work began towards the end of 
that year. 


Fig. 2. Mallard teletext decoder module. 
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The aim of this project was clearly- 
defined; to produce a terminal capable 
of very quickly demonstrating the con¬ 
cept of Telesoftware. As a result the 
design was somewhat crude and far 
from the optimum. It was felt that by 
showing in a very limited way what was 
possible with Telesoftware this would 
further stimulate the interest of decoder 
manufacturers and broadcasters who, 
in the future, might continue the deve¬ 
lopment to a stage where a specification 
for the ‘ideal’ software system could 
be incorporated as an important exten¬ 
sion to teletext. Fig. 1 shows how such 
an ideal design might look. 

Compatibility with teletext 

It was realised at a very early stage that 
Telesoftware could not be allowed to 
interfere in any way with the present 
teletext specification - indeed, would 
have to be structured in such a way as 
to remain compatible with modifica¬ 
tions which might be made in the fu¬ 
ture. For this reason, it was decided to 
base experimental work upon the use of 
entirely standard teletext transmission 
techniques, using normal characters in 
pairs to represent bytes of programme. 
The redundancy was used in order to 
preserve the integrity of the data using 
the Hamming error-correction techni¬ 
ques. 

It would in the future be technically 
possible to use some of the extra eight 
rows per teletext page (25-32) which are 
specified as being available, although 
not capable of being displayed on a 
normal decoder, for the transmission of 
Telesoftware data, thus separating it 
from the normal editorial output. 
Alternatively, if normal pages were to 
be u^d it might be desirable to set a 
control bit in Row 00 (the header row) 
so as to inhibit the display of what to the 
viewer of a normal decoder would ap¬ 
pear as gibberish text! 

Experimental terminal 

The design of the experimental terminal 
consisted of a single add-on board for 
the Mullard teletext decoder module 
(Fig. 2). The new board (Fig. 3) con¬ 
tained some 45 i.cs, these being made up 
of secondary memory, a temporary 
store, an e.p.r.o.m. to hold a special 
control programme (to handle data 
storage, to store various system sub¬ 
routines etc), plus, of course, a Signetics 
2650 microprocessor. The design did not 
incorporate a tertiary memory since by 
this time a foreign language character 
facility was already available within 
teletext. 

With large-scale integration, of 
course, the final design of a terminal 
could be reduced to two or three i.cs, but 
at this early stage discrete components 
were employed as a matter of practi¬ 
cality. 

The teletext keypad, which would 
normally be used to select pages from 
teletext broadcasts, was also used for 
system control and user data entry. It 
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was of the ultrasonic remote control 
type. 

The main memory was the teletext 
page store addressed by two bytes of 
indirect address, the first pointing to a 
row and the second to a column ad¬ 
dress, This memory occupied the ad¬ 
dressing range hexadecimal 2000 to 
3727. The temporary store, which was 
used as a buffer between data in main 
and secondary memory while it was 
validated, was 256 bytes of r.a.m. in the 
range hexadecimal IFOO to IFFF. The 
secondary memory was 2K bytes of 
r.a.m. in the range hexadecimal 4000 to 
47FF. 

The control programme was held on 
e.p.r.o.m. and its functions were as fol¬ 
lows: 

—To accept and interpret commands. 
-To validate incoming data, using 
Ham ming techniqu es. 

-To transfer valid data to secondary 
memory. 

—To re-read data incorrectly received. 
-To go to the start of a programme 
when correctly loaded. 

The whole terminal was contained in 
a standard colour television set. 

The decision to opt for a single 
microprocessor and associated instruc¬ 
tion set was basically for convenience in 
this particular experiment. It may be 
that when a final specification for 
Telesoftware is agreed upon it will be 
desirable to transmit programmes in an 
intermediate language rather than in a 
specific instruction set. This would 
.allow different microprocessors to be 
used and enable the system to support a 
high-level language (for example, 
BASIC). A high-level language inter¬ 
preter would be resident (on r.o.m.) 
within the terminal, leaving only user 
programm-'s to be transmitted via 
teletext. 


Fig. 3. Add-on Telesoftware board to go 
with the teletext decoder in Fig. 2. 

It would in any case be unwise to 
specify a single m.p.u. device, since the 
system will undoubtedly have to take 
account of many future developments 
in microprocessor technology. 

Experimental programmes 

A number of simple test programmes 
were developed in order to demonstrate 
and test the basic workings of the sys¬ 
tem: 


Fig. 4. Display format used in mortgage 
calculation programme. 


“Test your e.s.p.” was a teletext ver¬ 
sion of a well-known board-game. 
In this case the pattern which the player 
was invited to guess was generated 
randomly by the microprocessor and 
consisted of a string of 4 digits. The 
keypad was used to enter users’ guesses. 
The programme was contained in about 
2'/2 pages of teletext and intended 
specifically for demonstration at an 
exhibition. 

“Mortgage calculation” allowed the 
user to define a number of variables in a 
mortgage repayment calculation, and 
the system would compute the repay¬ 
ment figure. Data for the programme 
was prepared by the Nationwide 
Building Society. (Fig. 4). 

“First-aid” was designed to show the 
possibilities for educational uses of 
Telesoftware. By interacting with his 
terminal, the user can learn basic ele¬ 
ments of first-aid by means of multiple- 
choice sequences. 

“Insurance quotations service” was a 
programme provided by the Automobile 
Association for the self-assessment of 
insurance quotations for drivers. The 
programme simply asks a number of 
questions about the Proposer ( = user!) 
to which he responds again by means of 
multiple-choice answers. The system 
then produces a quotation for car insu¬ 
rance based on his responses. This pro¬ 
gramme demonstrates the possibility of 
self-assessment through Telesoftware. 

These programmes, and others which 
are being developed, are primarily in¬ 
tended to show the various areas of 
future applications for the system. 
Some of these are now discussed more 
fully. 

Video games 

The advantage of Telesoftware games is 
that the user may select from any game 
being broadcast, all of which can be 



MORTGAGE CALCULATION 


<Ordinarg repayment mortgage> 

To compute your monthly repayments 
complete the follouing questionnaire 
using keys 0 to 9. Key 11 for next line 

SUM BORROUEO (up to 99999> 

INTEREST ( Currently 9 i ■■ ■■:< 

TERM ( 5 to 35 years > ■■ years 

GROSS MONTHLY REPAYMENTS UILL BE £ 

To start again key 11 





















played using the same hardware. There 
is no limitation such as those which are 
found in hard-wired games units of five 
or six games. Even with more sophisti¬ 
cated conventional games, of the cart¬ 
ridge type (r.o.m.-based), extra cart¬ 
ridges have to be purchased to vary the 
games repertoire. With Telesoftware 
every game is completely free of charge 
once the basic hardware has been 
purchased. 

Depending on the complexity of the 
terminal, it would be technically pos¬ 
sible to incorporate animated games, 
though at present games are limited to 
the display characteristics of the teletext 
format, which lends itself to games 
demanding verbal reasoning rather 
than pure hand-to-eye co-ordination. 
Such games also lend themselves to 
user input via the keypad, though it 
would be a simple matter to provide the 
terminal with one or more games 
‘paddles’ via an analogue-to-digital 
converter. 

Calculation and programme 
development 

The system can be used for many dif¬ 
ferent calculator type functions, e.g. tax 
calculations, gas and electricity con¬ 
sumption, metric conversion. However, 
for some users, a facility for developing 
their own programmes may be required. 
A high-level language such as BASIC 
would support such a facility though an 
extended (“qwerty”) keyboard would 
be needed. It is likely that slots for 
extension boards (or simply sockets 
leading to built-in boards) would be an 
inherent feature of a terminal to permit 
the connexion of keyboard, cassette 
recorder, hard-copy printer, etc, in 
much the same way as in a conven¬ 
tional home computer. 

However, the basic unit would be 
,))uilt with the more conventional user in 
mind who will probably be content to 
draw from the repertoire of pro¬ 
grammes being broadcast on teletext. 
The possibility of extending the system 
easily to incorporate more advanced 
facilities could prove of great import¬ 
ance to educational bodies like the Open 
University, for whom Telesoftware 
could offer significant advantages with 
computer studies, etc. 

Public information 

Telesoftware may be used to provide 
public information of the kind often met 
when dealing with social security 
claims, health education and tax pro¬ 
blems. All these cases often require 
some degree of assessment. With 
Telesoftware, this can be self- 
assessment - for example, with tax 
problems, a simple question-and- 
answer routine could probably cope 
with assessment of tax allowance 
eligibility. In this respect. Telesoftware 
offers a social advantage over a human 
adviser in many cases, since it seems 
that people are far more truthful and 
uninhibited when ‘talking’ to a machine 


instead of a human. Also, unlike a more 
conventional computer system. 
Telesoftware clearly has no means of 
storing the users’ responses or com¬ 
municating them to anyone else. This 
ensures security, very important when 
dealing, for example, with the medical 
field. 


Education 

A very large and important field of 
application of Telesoftware will be in 
education and computer aided learning. 
Telesoftware offers two significant ad¬ 
vantages to the teacher: firstly, it is free, 
and secondly, any number of people 
may uso it concurrently, since there is 
no apparent loading problem with the 
ether! Quite a number of proved but 
expensive systems already exist for 
computer aided learning, but all rely 
upon costly terminals and hardware, 
and are often used on a time-sharing 
basis, so loading probelms can occur at 
times of peak usage. Also, adult and 
further education could be assisted by 
Telesoftware, since it is as available in 
the home as it is in the classroom. 

The Computing Unit at the Univer¬ 
sity of Surrey is already deeply involved 
in the computer-aided learning field, 
and is now actively participating in the 
Telesoftware experiments. 

Adult literacy and vocal output 

Telesoftware could be used to provide a 
graded course of literacy for adults. It 
may be possible in the future for the 
terminal to have built into it a simple 
vocal output, using synthetic speech to 
back up written data, though at the time 
of writing the very considerable 
amounts of memory required to support 
this feature are not yet available at 
realistic cost. 

It is also possible for a terminal to 
control a vairiety of domestic 
peripherals, set up telephone calls, con¬ 
trol lights, etc. This would be of assist¬ 
ance to the handicapped and disabled. 
For the blind, teletext type data may be 
rendered usable by an electro¬ 
mechanical Braille output device of the 
type currently used in special computer 
periphCTals. These use a 3 x 2 matrix of 
solenoids to give a tactile output along a 
40-character row, though at present 
they are too expensive for the domestic 
user. 

Telesoftware and the business user 
Although the main use of Telesoftware 
will probably be in the home, there are a 
number of possible business applica¬ 
tions for the system. One of these is in 
the detection of credit card fraud. Every 
terminal could be constantly supplied 
with the latest list of credit cards known 
to be lost or stolen, via teletext. The 
terminal store is kept constantly up-to- 
date, and at points-of-sale the assistant 
has simply to enter the number of the 
credit card which is presented on the 
numerical keypad. The terminal will 
scan its local store for that number and 
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John Hedger has been involved with 
Independent Television's Oracle service 
since it started in 1975. He began his 
career with London Weekend Television in 
an administrative capacity but soon 
moved to programme production where 
he spent some time working on children's 
programmes. Since joiiiing the Oracle 
project he has been closely concerned 
with both technical and editorial develop¬ 
ments in the service and now has special 
responsibility for associated new techno¬ 
logy, including Telesoftware and cap¬ 
tioning for the deaf. 


will report upon finding a match. The 
sales assistant can then take appro¬ 
priate action. The advantage is that, 
unlike other similar systems. Telesoft¬ 
ware incurs no running charges, does 
not rely upon a telephone line, and is 
simple and cheap to install. The power 
to instantly update every terminal in the 
country with the latest stolen card 
numbers could be a real aid in preven¬ 
ting frauds involving credit cards, che¬ 
que cards, airline tickets, etc, which are 
constantly on the increase. 

The future 

It is expected that with mass- 
production of teletext decoders the ex¬ 
tra cost of incorporating the basic 
Telesoftware facility will be in the re¬ 
gion of £50 per unit. With this one 
charge the system clearly shows ad¬ 
vantages over a wired system in a 
domestic market. However, the limita¬ 
tions of Telesoftware have also to be 
recognised. It can never, for example, 
allow the user to interrogate a large 
data base for a very small and obscure 
item; it can never order a plane ticket or 
make a hotel reservation. But its in¬ 
herent advantages of cheapness, 
availability and simplicity make it very 
attractive to the man-in-the-street, who 
may not in reality be able to afford the 
per page running cost of systems like 
viewdata. 

A wired system can, however, benefit 
from an “intelligent” terminal like that 
employed for Telesoftware, by making 
use of it as a front-end processor, 
maximising the use of the telephone line 
and thus minimising the expense. 

With continuing research, the present 
aim is to enable the system to support a 
high-level language, such as 8K BASIC. 
Once this has been achieved, together 
with rationalisation in transmission 
techniques and data reliability, and a 
final specification is agreed. Telesoft¬ 
ware will be ready to take its place 
among the many other data systems 
which will inevitably compete for user 
time on the domestic television set. 
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' pin-point 
quickly & efficiently 
with ANTEX soldering irons 


You can now combine fingertip accuracy with strict 
temperature control (within 2%) at the 0.6 mm tip of a miniature 
soldering iron by using the soldering station shown with 
one of the 24 volt irons. 

The exceptionally fast recovery time of a miniature iron of 
40watts at the chosen temperature ensures a short exposure 
or dwell time. If your requirements are less demanding, 
one of our ordinary miniature or general purpose soldering 
irons or kits may suit better. 

All our soldering equipment is made in England to strict local 
and international standards of safety. Our name for 
reliability Is spreading from all over Europe to the U.S.A., 
to Japan and to most Other countries. 
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At the end of the test session 
the communications engineer sang 
the praises of our filters. 




“What performance” he said, referring to the 
capability of the Barr & Stroud EF 3 Filter System in 
satisfying his signal conditioning needs. He and other 
engineers in many fields are equally complimentary about 
our supporting range of Active Filter Modules and our 
Custom-Built Filter Service. 

We have fully descriptive literature which will 
generate similar enthusiasm in yourself. Use the 
journal reply system or call us, Barr & Stroud Limited, 
(Detp. WW5). Melrose House, 4-6 Savile Row, 

London WIX lAF. Telephone; 01-437 9652. 

Telex: 261877. 

EF3 Variable Filter System 

Designed on a modular basis to give flexibility in 
use and to match your budget. A plug-in system 
developed for use in labs., test departments, 
anywhere where signal conditioning is required. 

Filter units can be used separately or combined 
to give a wide variety of functions from low-pass to 
band-separate. 

The current pass-band capacity is from d.c. 
to 10 MHz. 

Active Filter Modules 

The ready-to-use convenience of small, 
encapsulated filter units, each with a basic 
function. No filter knowledge required to 
set up for specific characteristic or cut-off 
frequency. These filters are equally suited 
to the one-off lab. application and the 
large quantity production requirement. 

Available in low-pass, high-pass, universal 
and notch designs with a range of cut-off 
frequencies and attenuation rates. 

Custom-Built Filters 

The basis of oiu: filter activity, this service has 
for 20 years provided solutions to customers 
specific requirements. Based on in-house 
computer facilities and an extensive 
programme library we can design and 
manufacture the filters not provided in 
our standard range. 

Designs can be passive or active 
■ with cut-off rates up to several hundred 
dB per octave in a frequency range up 
to around 70 MHz. 
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[Frequency synthesizers — 3 

The generation of wanted frequencies from other frequencies 

by R. Thompson, M.I.E.E. 


2 olthis three-part series 
phe synthesis of frequencies by 
Addition, multiplication and 

■ his final part covers the 

■ of phase-locked loops as 

rs and presents three solutions 
L problems. 

^ked loops 

lady been mentioned that the^ 
'icuity with synthesizers is not 
“ration of the wanted frequency 
as the rejection of unwanted 
i. The phase-locked loop, p.1.1., 
;uit capable of providing highly 
amplification, its unique fea- 
ing its precise and automatic 
It is because of this feature that 
is used extensively in frequency 
is. 

•c 14 shows the block diagram of 
p.1.1. It is simply a feedback 
'Which controls the phase, and 
Frequency, of the output with 
to the phase of an input signal, 
idy state conditions there can be 
Liency error between fj„ and /out- 
Hows from the action of the 
detector whiph integrates any 
y error. There will in general be 
state phase error, though this 
made arbitrarily small by in- 
the loop gain. 

srm ‘type 1 loop’ is sometimes 
Ito low gain loops and ‘type 2 
high gain loops. Strictly 
type 2 loops have zero steady 
; error and employ a second 
• in the loop. However, it 
appreciated that a range of 
ince is available between types 
varying gain. 

iplest type of loop has no low 
'. The open loop gain charac- 
lerefore take the forms shown 
i). The closed loop frequency 
also shown and the band- 
ipproximately equal to the 
It which the open loop gains 
ity. This follows from the 
le feedback which is able to 
lin at all frequencies where 
greater than unity. The 
slope is produced by the 
■lationship of phase and 

will be able to track changes 
fcuency, or compensate for 
^trolled oscillator (v.c.o.) 

1 the frequency change 


does not exceed 'Tr/2Kn. This assumes 
that the phase detector saturates at 
phase errors of ± “11/2, as many detectors 
do. Increasing the loop gain Ko there¬ 
fore increases the “hold in” range. 
However, this increases the bandwidth 
as shown in Fig. 15(a) and there is 
therefore a conflict between bandwidth 
and hold in range in the choice of Kq. 

The transient response shown in Fig. 
15(a) is that of a simple CR filter, as of 
course is the frequency response. This 
type of loop is in fact referred to as a 
first order loop since the Laplace 
transfer function has a first order de¬ 
nominator (giving a simple pole in the s 
plane). 

If the loop low pass filter consists of a 
simple CR filter the transfer function 
becomes second order (giving two poles 
in the s plane). The advantage of intro¬ 
ducing a filter can be seen from Fig. 
15(b). To a first order, the closed loop 
bandwidth will always be equal to the 
open loop unity gain frequency «o- With 
the added filter therefore it is possible to 
increase Kq without increasing the 
bandwidth. The frequency responses of 
the loop illustrate this, although the 
exact shape of the response depends on 
the ratio o3i/(.Jo. The transient response, 
like the frequency response, can exhibit 
overshoots which are characteristic of 
multiple pole networks. 

The time response is characterised by 
a ‘natural’ frequency, and a damping 
factor t In general, responses with large 
overshoots are highly undesirable and 
we may therefore still have conflicting 
design requirements. Loop gain (for 
accuracy and ‘hold in’), bandwidth (for 
filtering) and 5 (for transient response) 
cannot be independently controlled by 
the two variables Ko and U]. The solu¬ 
tion to such a design conflict is to use a 
modified CR filter, normally referred to 
as a lead/lag filter. Fig. 15(c) shows the 
filter. The purpose of R 2 is to take out 
the effect of C as the frequency in¬ 
creases. The filter therefore has an in¬ 
itial ‘break’ frequency coj when R1 = Xc 
and ‘breaks back’ towards a simple 
resistive attenuator when Xc = R^ A 
loop with such a filter is still ‘second 
order’. 

The transient response of the loop is 
determined primarily by the open loop 
phase shift around its unity gain 
frequency. Lowering ui below uo In¬ 
creases this phase shift towards 180° 
from the 90° shift present with no filter. 




Fig. 14. Basic phase-locked loop, in 
which no frequency error can exist 
between and in the steady 
condition. 

It has been seen that this results in 
decreased damping. Adding the break 
back at to 2 tends to cancel the increased 
phase shift, its effect obviously in¬ 
creasing as u 2 approaches ui- The effect 
of varying <02 is shown in Fig. 15(c). 

The most common type of loop found 
in synthesizers is in fact a high gain 
second order loop. High gain is often not 
required specifically for accuracy but to 
reduce the level of noise generated by 
the phase detector. This detector is 
often a logic circuit producing a vari¬ 
able width square wave at the compar¬ 
ison frequency. The components of this, 
even after filtering in the low pass filter, 
will produce phase noise in the output 
signal. A high gain loop will have a very 
small steady state phase error pro¬ 
ducing very narrow low energy pulses 
at the detector output. Use of such high 
gain means that the filter must use a 
lead/lag network. The filter is in fact > 
often in the form of an operational^ 
amplifier integrator which provides in-:^ 
creased loop gain. f 

The loop bandwidth is controlled by a ' 
simple low pass filter and bandwidths of 
only a few Hertz can easily be obteined. 
When it is remembered that the input to 
the loop can be at high radio frequency 
the unique filtering characteristics of 
the p.1.1. can be appreciated. It can be 
used to separate wanted from unwanted 
signals even when the percentage 
frequency separation is very small. 

The cut-off rate of the loop frequency, 
response is only 6 dB/octave when #' 
lead/lag filter is used. This can be in¬ 
creased at frequencies substantially 
greater than Wo without altering the 
basic characteristics of the loop. In 
synthesizers this is often done to reduce 
comparison frequency noise generated 
in the phase detector which can 
modulate the v.c.o. 

The ‘hold in’ range of the loop 
represents the range of frequency 








wireless H 



which the loop oan track once phase 
lock has been established. The maxi¬ 
mum frequency error for which the loop 
can acquire lock is called the ‘pull in’ 
range. This is never greater than the 
‘hold in’ range and even with this range 
acquisition can take very long times. 
High gain second order loops are parti¬ 
cularly bad in this respect. Because of 
this typ^ of acquisition problem p.l.l.s 
sometimes use a subsidiary frequency 
discrimination to provide coarse tuning 
correction. Once phase lock is esta¬ 
blished the frequency discriminator ac¬ 
tion carf be ignored. 

Synthesizer circuits 

Having looked at four basic types of 
“building block”; addition, multiplica¬ 
tion, division and the p.1.1., we will now 
consider their combined application in 
frequency synthesizers. The basic 
•requirement of a synthesizer is the 
generation of one frequency from an¬ 
other and this can be stated as: 


Fig. 15. Characteristics exhibited by 
loops with no filter (a), simple CR filter 
(b) and lead/lag filter (c). Loop gains 
are shown in the left-hand column and 
the associated frequency responses in 
the centre. Corresponding transient 
respose is in the right-hand column. 


where X and Y are rational numbers. 

Synthesis can therefore be achieved 
by the simple cascade of an X-times 
multiplier followed by a Y-times divider. 
Practical realisation in this form is 
limited by the values of X and Y. 

The divider techniques described ear¬ 
lier allow a wide range of division ratios 
to be achieved with proprietory devices 
operationg at frequencies up to about 1 
GHz. In general therefore it will be the 
realisation of high multiplication fac¬ 
tors which will impose practical diffi¬ 
culties. Where p.1.1. techniques are not 
used multiplication factors of greater 
than 5 in one stage are difficult if rea¬ 
sonable spectral purity is to be 
maintained. The procedure adopted to 


Parts 1 aEiB 

described ■ 

means of J 

division. 1 
principle^ 

syntbesizB 

to specifi* 
phase-lJ 


avoid excessive mu 
the requirement inf 


For instance, if 
requirement to g 
a reference to 3.f 


(f2/f.= 2. 


this can be spl 
235/32 


This synthesi 
out the subsi 
Fig. 16. The 
and 3 are all 
of4 -I- 3/11 
the input f 
explained ' 
generated 
lower bot 
filtering. . 

giving a 
tiplicatif 


equals u 
action ofil 
stabilise o 

/oop s 

6dB/octav_ 
'"tegraj rl 

frequency. F 

. ^beloopl 
'n input fret 
^°'tage col 
errors, , 






















WIRELESS WORLD, NOVEMBER 1978 

by a second mixing loop as shown in 

Fig. 16, providing synthesis in the form; 

(5/32)(3 + (1 + 3)/11) 

The requirement has thus been factored 
into a form readily realised with practi¬ 
cal circuit elements. It can be seen that 
the complexity of the synthesizer is 
dependent on the practical bounds set 
primarily by filtering problems. 

Phase-locked loops are widely used in 
Synthesizers because their excellent 
filtering characteristics allow very wide 
bounds on multiplication and mixing 
ratios. Before looking in more detail at 
the application of p.l.ls, an alternative 
form of selective filtering is worth men¬ 
tioning. This is the “triple mixing” sys¬ 
tem shown in Fig. 17. 

Highly selective fixed-tune filtering is 
provided and the auxiliary oscillator is 
used to “scan” the incoming spectrum 
with these filters. Filtering having been 
accomplished, the third mixer cancels 
out the auxiliary oscillator frequency 
together with any associated frequency 
drift. Mixer 2 is used to introduce an 
interpolation frequency, normally an 
incremental frequency which can be 
used to span the separation of the har¬ 
monics in the input signal fi. 

The p.1.1. can also be considered as a 
form of heterodyne/fixed filter system, 
the signal being converted down to zero 
frequency and fixed filtering provided 
by the low pass filter. In its basic form it 
can be used simply as a high grade filter 
in synthesizing loops, allowing con¬ 
straints on multiplication and mixing 
ratios to be relaxed. More frequently, 
the p.1.1. is modified by the inclusion of a 
divider in the feedback loop as shown in 
Fig. 18(a). When modified in this way, 
the loop stabilises the v.c.o. frequency 
at n times the input frequency. The p.1.1. 
loop gain is reduced by a factor of n and 
the characteristics of the loop are 
modified accordingly. This arrange¬ 
ment operates as a multiplier, having 
the very important feature that its mul¬ 
tiplying ratio is readily controllable over 
a wide range by proprietory divider 
circuits. It is also “fail safe” on its 
operation, simple harmonic multipliers 
have the problem that the wrong har¬ 
monic may be selected, particularly 
where high ratios are involved. In syn¬ 
thesisers, it is normally an advantage to 
have maximum bandwidth, as opposed 
to the p.1.1. being used as a narrow band 
filter of input si,gnals. The wider band¬ 
width allows cancellation of noise 
generated in the loop, in particular 
v.c.o. noise. Wide bandwidth also 
reduces tuning time. Since the band¬ 
width must be subtantially less than the 
comparison frequency we have a design 
conflict between low comparison 
frequency for fine tuning increments 
and wide bandwidth for noise and 
tuning time performance. 

The solution of the synthesizer 
requirement Fi/Fi = X/Y can be real¬ 
ised in a simple two-step operation, 
using a multiplying p.1.1. Figure 18(b) 
illustrates the solution to our previous 
example of 235/352. 



Fig. 16. Evolution of synthesizer to perform basic functions shown at (a). 





Fig. 17. Triple mixing synthesizer. 



Fig. 18. Phase-locked loop multiplier (a) and a p.1.1. multiplier solution to 
the 2.35/3.52 problem (b). 
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Fig. 19. P.I.Js can be used as high-speed dividers by inclusion of a 
multiplier in the loop. P.l.l. at (a) divides by 5. Mixer at (b) reduces 
frequency requirements of divider and (c) shows alternative method. 



The operating frequency of the 
divider circuits is often an important 
constraint on the synthesizer design. 
For this reason. Fig. 18(b) shows the 
division followed by multiplication; 
reversal of this would require the 
divider to operate at over 850 MHz. 
Currently-availabie dividers in inte¬ 
grated circuit form have the following 
approximate frequency limits; 
direct variable dividers - 10 MHz 

variable division with “early 
decode” — 25 MHz 

variable modulus prescaler 

- 500 MHz 

fixed prescaling —1500 MHz 

At frequencies higher than this, or as an 
alternative to prescaling techniques, the 
p.1.1. can be used as a high-frequency 
divider by employing a multiplier in the 
feedback path. Figure 19(a) shows an 
arrangement where the reference 
frequency is very high. 

Another alternative used to cope with 
high frequency requirements is to in¬ 
troduce a mixer into the p.l.l. This 
reduces the frequency handled by the 
divider, such an arrangement being 
shown in Fig. 19(b). The synthesis is 
fz = fiX / Y + f3, with a maximum 
frequency at the divider of fz - fi- 
A harmonic of the reference frequency 
can be used and the digital mixer de¬ 
scribed earlier can be used as a com¬ 
bined mixer and harmonic multiplier. 
Figure 19(c) shows such an arrange¬ 
ment. The synthesis is fz= fiX / Y-\- Nf, 
where N is the harmonic of fi selected 
by the loop. For example fi might be 5 
MHz and fz required to be in the region 
of 56 MHz. The 11th harmonic of f, is 
subtracted from fz in the mixer, giving a 
frequency into the variable divider in 
the region of 1 MHz (the exact 
frequency depending on X and Y). 

As described earlier we have pro¬ 
blems in achieving wide bandwidth and 
low frequency increments. The vernier 
system uses two synthesizers, offset in 
their reference frequencies so that in¬ 
crements in frequency are set by the 
difference, as shown in Fig. 20(a). 

In the Tandem system a wideband 
synthesizer produces a low-noise out¬ 
put while the fine frequency increments 
are achieved via a second synthesizer 
providing the reference frequency for 
the output loop. The secondary loop i^ 
slow because of the low comparison 
frequency, so tuning is slow when a 
change to that loop is involved. 

The display loop system uses an 
accurate timebase counter to display 
the frequency. When the required 
frequency is obtained the loop is com¬ 
pleted with correction being generated 
by any variation of the last digit of the 
counter. 


The next article will conclude the series 
with examples of specific designs. 
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NB0(/S OF THE MONTH 

64K r.a.m. unveiled by USA 


middle of 1979 but sample devices are ex¬ 
pected late this year at £80 a piece. Mr 
Wilmot wouldn’t discuss volume forecasts 
but said that by 1981 he expected price would 
be down to £4. 

In a clear reference to the NEB’s Inmos 
investment, Mr Wilmot said that being first is 
obviously a key factor. Dynamic r.a.ms were 
on a 68% learning curve — for every doubling 
in volume price fell to 68% of its prior value — 
and to be in business one can’t afford to be 
late, he said. “The fate Of many companies to 
disprove the learning curve theory in the 
sixties is only too well known.” There had 
been opportunities for new companies to get 
into the business - Intel and Mokek were 


examples of companies launched on what he 
called a “technological discontinuity” — but 
he didn’t see any “windows” in the foresee¬ 
able future. 

Costs of active circuit elements falls in 
proportion to their increase in density, which 
appears to be at a rate of two “decades” 
(orders of magnitude) per decade (10 years). 
A density of 10,000 elements per chip will 
become old but as production of 64k r.a.ms 
and 16-bit microcomputers dominate, with 
100,000 elements for chip, and which in turn 
will give way to 256k r.a.ms and 32-bit 
microcomputers as v.l.s.i. escalates to a 
density of a million by 1985. 


Radiocommunications breakthrough by 
UK company 


The race to produce a 64k r.a.m. in volume 
quantities has probably been won by Texas 
Instruments Incorporated. Sample quantities 
of the 16-pin device, at $125 each (in the 
USA), are expected to be made available in 
October or November. The device has been 
given t he de signation TMS 6164. 

The r.a.m., according to reported TI 
specifications, operates from a single 5V 
supply rail. This will make the device very 
attractive when compared with Japan’s 
Fujitsu 64k r.a.m. which will require a dual 
rail for -I--7 and —2V supplies. A report in the 
American journal Electronics says: In 
achieving its single-supply operation, TI has 
made a significant development in m.o.s. 
design. All 5V m.o.s. devices now on the 
market require a negative supply for 
reverse-biasing the substrate to make inp^ 
and outputs compatible with transistor- 
transistor logic — on-chip circuits called 
charge pumps generate the negative voltage. 
The new r.a.m., however, contains no on-chip 
substrate-biasing circuit — TI designers have 
altogether eliminated the need for negative 
voltages. “Although it is t.t.L-comp^tibte on 
the outside, the inside is geareffmbre toward 
achieving an optimal speed-power product,” 
says G. R. Mohan Rao, who headed the 
design team at TI. “People will be surprised 
when they see how we did it.” 

Not only does the new 64k device quad¬ 
ruple the density of current generation of 16k 
r.a.ms, it also outperforms them in many 
respects, according to the American journal. 
The device has a maximum power dissipation 
of 200mW, or 3|jiW/bit, compared with 
462mW or 28(rW/bit for TI’s older 16k 
device, the TMS4116. Access times have also 
been improved. These range from 100 to 
150ns and the minimum cycle times range 
from 200 to 250ns. Another difference is that 
TI’s 64k r.a.m. incorporates a 256 cycle/4ms 
refresh period instead of the 128 cycle/2ms 
period used in current 4k and 16k devices. 

In addition, TI has kept the bar size down 
to 132 by 252 thousanths-of-an-inch, and 
with 60% of the area taken up by the array, it 
is claimed by Rao to be “the first dynamic 
r.a.m. not dominated by the peripheral 
circuitry”. The tricky part, according to Rao, 
was getting 40 internal clocks on the chip 
timed together. Using TI’s approach the 
major internal clocks are guaranteed not to 
have a timing skew, even if the row and 
column strobes from the user are non¬ 
periodic. 

Some analysts put the eventual 64k r.a.m. 
market at between $700 — 1000 million per 
year, which compares with an estimated 
current market of $200 million for the 16k 

Though Texas Instruments are the second 
company to announce a 64k dynamic ran¬ 
dom access memory they claim this will 
become the industry Standard on account of 
its single 5V supply design. At a press con¬ 
ference for their “most significant product 
announcement this year” Robert Wilmot, 
managing director of the UK subsidiary, said 
they hadn’t finally decided where it will be 
made, though initial production will be in the 
U.S. In any event, in terms of investment to 
create jobs, such a development was a “dead 
loss” he said. Volume production is set for the 


A bright idea by a design team member at 
Plessey Avionics arftf ©ithinunication’s Roke 
Manor laboratories haS resulted in the pro¬ 
duction of a v.h.f. repeater capable of 
receiving and transmitting radio signals on 
the same frequency, simultaneously. This is a 
major breakthrough in radio communica¬ 
tions techniques. 

Work began on the repeater, which has 
been given the name Groundsat, some eigh¬ 
teen months ago, shortly after the concept 
was first recognised. The discovery — 
Plessey claim it to be revolutionary rather 
than evolutionaiy — was made while the 
design team were working on the job of 
simplifying army communications equip- 

Because of the large market potential of 
this new repeater, and the communication 
technique, and the fact that Groundsat is 
primarily intended," as it stands, for use by 
armed forces, the technical details of the new 
technique cannot be made public at the 
present time. In the past, attempts to receive 
radio signals on one antenna while simult¬ 
aneously retransmitting the same signal, on 
the same carrier frequency, on a second 
antenna on the same site, have failed because 
the first antenna, which is probably receiving 
only microvolts, is swamped by the second 
antenna, typically transmitting watts of 
effective radiated power. Plessey’s team has 
found a way of overcoming this problem. 
While they are not the first to have followed 
up theories associated with this problem, 
they do claim to be the first to have made the 
theory work in practice. 

Groundsat is expected to have a major 
impact in battlefield v.h.f. communications. 
Only 24 hours after their introduction to 
Groundsat, a spokesman for the British army 
made a statement to the effect that they were 
very impressed with the equipment and 
would be purchasing at least one for field 
trials. On the battlefield, Groundsat will 
enable a soldier or a patrol to remain in 
contact in difficult terrain where normal 
v.h.f. radio coverage has ceased to be effec¬ 
tive. In order to gain a tactical advantage, a 
soldier in battle must use the terrain — 


keeping to low lyirt^ aj-eas at the foot of a hill, 
for example — but'this frequently causes 
difficulties in maintairiWg radio communica¬ 
tion. The usual way of overcoming this in 
these situations is to employ a re-broadcast 
station, where the original signal is retrans¬ 
mitted to the soldier via an operator using a 
multi-set installation. The re-broadcast 
equipment is bulky, complex and expensive, 
and setting up is difficult and time con¬ 
suming. In addition, several widely-spaced 
channels are required, with transmission and 
reception on separate channels, as compared 
with one channel for normal network opera¬ 
tion. The repeater, which is jio larger than a 
man-pack radio, and can be used as such, 
overcomes these problems and may be left 
unmanned in a suitable re-broadcast posi¬ 
tion. Operation is so simple that the soldier 
has only to press his p.t.t. switch once for 
normal working, and if he fails to make 
contact, to press again for repeater opera¬ 
tion. 

Plessey say tnat several armies can oe 
expected to take advantage of their develop¬ 
ment and the prospects for exports are ex¬ 
cellent. 


Technical 

Specifications 

Groundsat operates in the frequency 
range 30 to 76MHz and has 1840 or 920 
channels spaced at 25 or 50kHz. 
Frequency modulation with a 5kHz 
deviation is employed and output 
power can be between lOmW and IW 
to a 50S2 load. The unit has a 
re-broadcast ratio of greater than 
lOOdB and a sensitivity of l(iV for lOdB 
signal-plus-noise/noise ratio. It has 
built-in test modes, including an 
overload test facility for obtaining 
optimum antenna separation. (Wireless 
World witnessed repeater operation 
using two Clansman elevated antennas 
with a separation of about 15m.) 
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Surround sound^f ield tests by I BA 


The IBA will shortly be field testing their 
three-channel surround-sound broadcasting 
system, based on the NRDC’s ambisonic 
technology, on independent local radio. The 
broadcast tests, which are in support of 
studies being made by the European Broad¬ 
casting Union, are expected to start in the 
London area on Capital Radio (93.8MHz 
v.h.f./f.m.) during late October or early 
November. Other ILR stations will also be 
involved — accouncements of dates and 
times made after consultation with the Home 
Office 

For the broadcasts, programme material 
will be specially recorded by IBA engineers 
using their new surround-sound mobile 
recording unit including, where appropriate, 
the new Calrec sound-field microphone 
(August issue, page 75). A small quantity of 
stereo receivers are currently being modified 
by the IBA for three channel reception. 
Listeners will be invited to participate by 


The Minister of State for Industry, the Rt 
Hon. Alan Williams. MP, said at the opening 
of the National Teletext Week Exhibition 
(20/27th Sept.), that Britain had scored a 
very important first in the electronic field and 
it had done so in a remarkably short deve¬ 
lopment time. “It has taken half as long, for 
example, to develop teletext as it took to 
develop v.t.r. in Japan. However, there is 
always the risk that we, as in the past, may 
fail to take full advantage of the first that we 
have now established, and the lead that we 
have established.” He continued by saying 
that teletext was an extremely important 
step forward, and could eventually help to 
restore a balance between viewing and 
reading. “The Japanese have, on the v.t.r. 
side, been able to establish, or look as if they 
are going to establish, a very dominant 
market position because they have had and 
made a co-ordinated approach and attack 
upon the world market. Sadly, so far, we have 
not seen as co-ordinated an approach from 
British industry as far as teletext is con¬ 
cerned. We have the product. We are con¬ 
vinced there is the market. In fact we are 
convinced there is a market potentially for 
eight million sets a year, and yet,'so far, we 
have not managed to exploit that market.” 

As far as the ^t manufacturers were cbn- 
cemed, Mr Williams said that it was imper¬ 
ative that they decide to incorporate 
teletext into as many of their sets as they 
possibly can, and as far as the component 
manufacturers were concerned it was 
imperative that they made the appropriate 
decisions and provided the most sophisti¬ 
cated and the cheapest chip components that 
were available. The broadcasters, retailers 
and rental companies had a role to play in 
ensuring that the opportunities, advantages 
and values of the new system were brought 
fully to the public and to the consumers. 

T^e Government’s part, according to Mr 
Williams, was to do anything they could to 


reporting the degree of stereo and 
monophonic compatibility on the receivers 
currently in general use. A reply-paid ques- 
tionaire is to be made available from the IBA 
Engineering Information Service to assist the 
collecting of data. 

The encoding scheme being used is the 
“2*/i-channel” member of the UHJ family in 
which a band-limited third channel is trans¬ 
mitted in phase quadrature to what is nor¬ 
mally the stereo difference signal. One of the 
benefits of this additional information is that 
the 180° phase anomaly inherent in two- 
channel matrix systems is removed, in the 
psychoacoustically all-important region of 
the spectrum. The other important difference 
is the greater freedom of listener position — 
it was largely the constraint on position that 
led the major two-chanhel proponents — 
CBS, Sansui, BBC — to try and “rescue” their 
systems with some form of program- 
actuated decoding. The price to be paid, of 


give further support to the venture. He 
regarded the National Teletext Week as a 
very important step by the industry to 
recognise that an opportunity was in danger 
of slipping by yet again and he welcomed it as 
an attempt to co-ordinate the activities of all 
sectors of the industry. 

National Teletext Week, which was spon¬ 
sored by the BBC, IBA, BREMA, ECIF, 
RETRA and the National Television Rental 
Association, marked the culmination of an 
excellent example of co-operation between 
the British broadcasting organisations and 
the manufacturers of television receivers. 

Mr Donald CuUimore, a member of the 
Oracle board, said at the opening that the 
board were planning a number of new and 
exciting services, which they would be telling 
the public about in a few weeks time, and 
afterwards they would aim to cut down on 
the time it took for them to get a page on the 
screen and increase the number of pages and 
categories in the service. _ 

The BBCs hews and current affairs direc¬ 
tor Mr Richard Francis gave details of the 
Ceefax service. About the cost of Ceefax he 
said, “... from the broadcasters point of view 
the cost of producing the service is very 
cheap. Even with the new transmission 
equipment we are installing it probably only 
represents 3V4p in the annual licence fee. A 
large expansion in what we have to offer 
would still only cost a few bob per person per 
year.”_ 

In addition to expanding the Ceefax ser¬ 
vice — including the installation of a new 
computer and software programme — the 
BBC has developed a hard-copy Ceefax print¬ 
out, which was shown publicly for the first 
time at the exhibition. They also have plans 
for developing the regional content of Ceefax 
and hope to start with their first sub-unit in 
Manchester in 1980, extending to Glasgow, 
Birmingham, Cardiff, Belfast and Bristol. 
Telesoftware - p.61. 


course, is some degradation in signal-to- 
noise ratio but as to how much is acceptable 
still seems a matter for debate. The BBC have 
officially doggedly said in effect that no 
worsening is allowable (Feb. 1977 issue, page 
43, Dec. 1977 issue, page 77), while the IBA 
clearly feel there is more to be gained than 
there is to be lost. Their work indicates a 
clear preference for 2‘/4-channel working, 
compared with two-channel (with or without 
program-actuated decoding), and a penalty 
to stereo listeners of a fraction of a dB in 
signal to noise ratio, and a 1 to 2dB reduction 
for the 2'/j-channel mode (Sept. 1977 issue, 
pages 50/1). 

According to the IBA, listeners who are 
interested in surround-sound reception, will 
soon be able to obtain a technical leaflet 
which will give full information on the kind 
of decoder required. Wireless World hope to 
publish this information for the benefit of 
readers. 


News in Brief 


An lERE Conference on television measure¬ 
ments is to be held at the Commonwealth 
Institute, London, from May 21-23 1979. It 
will review current developments and inno¬ 
vations in teletext and digital systems and 
there will also be sessions on colorimetry, 
video and r.f. instrumentation and measure¬ 
ment techniques and distribution system 
performance. 

At the 1978 General Assembly of EUREL — 
the Convention of National Societies of 
Electrical Engineers of West Europe — held 
in Helsinki on September 7, Professor 
William Gosling was elected President of the 
Convention for 1979. Professor Gosling, who 
is head of the Electronics Group in the School 
of Engineering at the University of Bath, has 
been the lERE’s representative to EUREL for 
the past four years. EUREL was founded in 
1972 and now comprises 17 societies from 13' 
countries. Its aims are to facilitate the ex¬ 
change of information and to foster mul¬ 
tilateral collaboration between its member 

Seminex Ltd is calling for papers for Seminex 
79 to be held from March 26-30. In addition to 
microprocessor-related subjects, topics Cov¬ 
ered are to include bubble memories, opto¬ 
electronics and displays, hybrid integrated 
circuits, power semiconductors and micro- 
wave devices. Authors interested in pre¬ 
paring papers for the seminar event are asked 
to contact the organisers at Seminex Ltd, 79 
High Street, Tunbridge Wells, Kent TNI IXZ. 


From Nov. 16-25, 47 companies will par¬ 
ticipate in the first all-British Scientific In¬ 
struments Exhibition in Peking organised by 
the British Overseas Trade Board and spon¬ 
sored by the Scientific Instruments 
Manufacturers Association. Among the 
items on display will be an X-ray scanner 
diagnostic system, microwave instrumenta¬ 
tion, electrophysiological measuring systems 
and laboratory equipment. 


Britain must take full 
advantage of teletext 
— Minister for Industry 













Multiplexed alarm 

Remote sensing of up to 10 points with a two-wire system 

by R. J. Chance B.Sc. 


This multiplexed system is the result of 
improving a rather primitive burglar 
alarm. The redesigned circuit can detect 
the state of up to 10 sensors and give an 


BECAUSE wiring is the most incon¬ 
venient feature of an alarm system I felt 
that having around 10 sensors all wired 
separately to a central point would be 


unacceptable. Although time division 
multiplexing seemed to offer a solution 
where connections could be made from 
one site to the next, it appeared that 
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power supply lines, a reset line, clock 
line and a sensor state indication line 
would be necessary to supply the mul¬ 
tiplexer circuit at each site. The present 
design has reduced this requirement to 
just 2 wires by making use of the low 
current and large power supply 
tolerance of c.m.o.s. 

The multiplexer circuit is based on a 
4017 decade counter with 10 individual 
outputs as shown in Fig. 1. Up to 10 of 
these can be used, each with a different 
output, to give signals in 10 time slots. A 
reset line has been avoided by using the 
power supply rail to reset the counter. 
When switched on, a CR time constant 
holds the reset line at V^d to make sure 
that counting starts from 0. A clock line 
has been eliminated by switching the 
supply line as a square wave. When this 
supply waveform is applied as shown, 
the capacitor charges through D, and 
the resistor. Because Vss is taken low 
before the reset pin, the 4017 is set to 
zero. When the square-wave input 
returns to Vdd the 4017 is powered by 
the charge on the capacitor, and coun¬ 
ting proceeds from zero as long as the 
square wave is present. 

The sensor indication line has also 
been eliminated by detecting the power 
supply current drain. If a sensor such as 
a reed switch is connected via a limiting 
resistor and D 2 , between one of the 10 
counter outputs and the negative sup¬ 
ply line as shown, the current drawn 
through the sensor switch can be de¬ 
tected by the control circuit. In this way 
one pair of wires can be used to supply 
10 remote sensors. 

The main circuit is shown in Fig. 2. An 
oscillator and shift register generate 
clocking waveforms as shown in Fig. 3, 
and a 3900 quad op-amp converts cur¬ 
rent flowing in the line to logic levels. A 
master 4017 clocks these logic levels, 
which correspond to the 10 time slots, 
into 10 output latches. This data is also 
stored in an 11 stage shift register which 
holds the state of the last 11 sensor 
checks. 

An open sensor output produces a 1, 
so two consecutive sensor-open signals 
are detected by the 2 input NAND gate 
connected to the 1st and 11th stages of 
the shift register. Because the NAND 
gate requires two consecutive sensor 
open outputs to switch, this system 
prevents an interference pulse from 
activating the alarm. If a supply current 



Fig. 5. Power supply. 


of greater than normal is detected be¬ 
cause, for example, the remote multi¬ 
plexers are not in step, the circuit is 
reset by a monostable. 

The output of the NAND gate is fed to 
the data inputs of 10 D-type flip flops 
which are used as latches. The output 
from the NAND gate is sequentially 
clocked into these latches by the 10 
outputs of the master 4017. Ten 4018 
AND gates connect the Q outputs to the 
reset pins of the latches. When the gates 
are enabled by the alarm-on switch, a 
latch will be held in the 0 state if cor¬ 
responding sensor, contacts are opened 
for two counting cycles of the multi¬ 
plexer. The latch will remain in the 0 
state even if the sensor contacts are 
closed again. Transistors drive l.e.ds 
from the flip flop Q outputs, and are 
switched between red and green types 
to indicate alarm-on or alarm-off. An 
oscillator pulses all of the display 
drivers to give a flashing l.e.d. for the 
sensor which has been interrupted. 

The 10 alarm signals are available at 
the 4081 outputs, and the method of 
using them will depend on individual 
requirements. Although each output 
can be used to drive a separate bell or 
siren, it is much more likely that groups 
of these will need to be ORed to operate 
one alarm. The simplest way of 
achieving this is to drive a transistor 
from the required outputs as shown in 
Fig. 4. A relay in the transistor collector 
provides a contact closure that can 
switch mains or low voltage alarms. 
Although only one switch has been 
shown for the alarm on/off function, it 
is possible to use several so that some 
sensor sites can be activated while 
others are switched off. Alternatively, 
10 switches can be used to give inde¬ 



Fig. 6. Interconnection of the remote 
alarm units. 


pendent control of each site. Only a 
simple power supply is necessary as 
shown in Fig. 5. The l.e.ds are powered 
from the unstabilised supply and a 
simple regulator is provided for the 
c.m.o.s. logic. 

Installation of the alarm is obviously 
an individual matter, but in my instal¬ 
lation a twisted pair of wires was used 
for interconnection between remote 
units and the control box as shown in 
Fig. 6. Detectors for windows were 
made from a loop of fine enamelled 
copper wire glued to the surface of the 
glass. This is unobtrusive and easily 
broken if the glass is shattered. For 
doors, standard reed switches were 
mounted vertically in a slot cut in the 
door jamb. A ferrite bar magnet was 
horizontally mounted in a slot cut in the 
door opposite the reed switch. This 
arrangement gave satisfactory opera¬ 
tion and enough latitude to ensure that 
wind rattling the door did not give a 
false alarm. 

This system has been in use for nearly 
three years and has proved to be far 
superior to the simple alarms which are 
available. The ability to detect which 
doors or windows have been left open is 
particularly convenient when setting 
the alarm, and it is felt that this facility 
alone is worth the extra expense. The 
only trouble experienced over this time 
has been interference caused by a par¬ 
ticularly bad motor on the same power 
line. Although the correct approach 
would have been to suppress the motor, 
fitting a mains interference filter to the 
burglar alarm immediately cured the 
trouble. In this connection, it may be of 
interest that a 100m drum of three core 
mains cable appears to be more effec¬ 
tive than a commercial LC filter. Q 
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CIRCUIT IDEAS 


Pulse generator 


The number of pulses at the input of this 
circuit determines which output will 
produce one pulse. Input pulses can be 
applied by a push-button switch via a 
Schmitt trigger to remove contact 
bounce, or by other logic circuitry. The 


+ 5V 


first positive edge triggers a monostable 
which disables the AND gate latches of 
the 7490 output. Every other positive 
edge retriggers the monostable and 
keeps the AND gates disabled until all of 
the-negative edges have been counted 
by the 7490. The period of the monost¬ 
able must be longer than the pulse 
width of the input. A b.c.d. output from 


the AND gates is decoded and the 
eight-input NAND gate resets the 7490 
counter so that a single pulse is pro¬ 
duced. The output can be applied to 
bistables for two-state control, or to 
counters for step-by-step control. 

R. Champaneri 

Sparkhill 

Birmingham 



Contrast expander for weather satellite pictures 


This expander performs the same func¬ 
tion as the circuits described by Bayliss 
& Brush, Wireless World December 
1973 and G. R. Kennedy, Wireless 
World, December 1976, but it operates 
on the detected video signal and is 
variable from zero to approximately 
83%. Resistor R, is adjusted for -I- IV at 
the non-inverting input of IC, which 
then operates as an inverting amplifier 



with a gain of —Rj/CRy-l-Ri) with 
reference to IV. Resistors R2 and R3 
provide a —2V level shift to give the 
required but inverted transfer function. 
Positive video is restored by IC2, and 


D,, D2 prevent the output from going 
negative. 

J. Beauchamp 

Portsmouth 

Hants 
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Digital extremum 
calcu later 

This circuit is useful if the extreme 
value of a continuously changing 
parallel n-bit binary signal has to be 
calculated. The latest and the last ex¬ 
tremes are stored, and two comparator 
outputs indicate whether these are 
maximum or minimum values. 

Data is clocked into shift-register A 
and then transferred into shift-register 
B. The comparator outputs indicate 
whether the input from A is greater or 
■less than B, and change state whenever 
an extreme occurs. The transition trig¬ 
gers the corresponding monostable, and 
the OR gate produces a pulse which 
enables shift register C. The output of 
shift register A is then stored in C. If 
several shift-registers are connected in 
series with C, and clock by the OR gate, 
all of the previous extremes can be 
stored. 

K. R. Srinivassa Murthy 
ISRO Satellite Centre 
Bangalore 
I India 





10k 6V 



5K6 9 V Simple v.h.f. 

preamplifier 

This preamplifier is suitable for portable 
use and operates between 85 and 
95MHz. The components can be 
mounted on a board approximately one 
inch square. Gain is about 15dB but this 
can be increased with a small sacrifice 
in stability by using a BF185. All resis¬ 
tors are 14W metal oxide types and the 
capacitors are ceramic disc. 

Ronald G. Young 
Peacehaven 
Sussex 


Three-function RS latch 

A standard RS latch as shown in (a) 
responds to an input at both SET and 
RESET by bringing both outputs low. 
An alternative latch, shown in (b), can 
be used in cases where non-complement 
outputs are undesirable. When RS is 00, 
latch I and hence latch 2 will not 
change. When RS is 01, latch 1 resets 
which sets latch 2. By symmetry, RS at 
10 causes latch 2 to reset. With RS at 11, 
both outputs of latch 1 are forced low. 
However, two low inputs at latch 2 will 
not alter the output. A similar, latch may 
be constructed using cross-coupled 
NAND gates. 

S. J. Cahill 
Ulster College 
Northern Ireland 



(0) 
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It had to happen... 
the NEWKXX) series 


a new generation of easy-to-use, economy line scopes offering the flexibility that 
you the customer demanded and from who else but Telequipment, world leaders 
in low cost scopes. 



Before introducing the1000 series, we conducted 
an intensive market survey throughout 
Europe, the results of which were 
analysed by our engineering and 
marketing teams; from this a 
definite set of parameters emerged. 
These have all been embodied in 
our new 1000 series. 

A choice of bandwidth; 10 or 
15MHz, 5mV sensitivity at full 
bandwidth and 1 mV sensitivity at 
4MHz and a choice of modes; 
Algebraic Add, trueX-Y, andX5 gain 
switching; remember we told you 
it was flexible. 

Easy-to-use: this it certainly is; 
note the minimum numiber of 
controls on the front panel, probably 
less than any other competitive 
scope available and, of course, all 
colour coded for easy reference. 
Easy-to-read: note the five inch CRT. 
Easy-to-service: primary circuits are 
constructed on only three boards in a “u” configuration. 
The amplifier and time base boards pivot around 
the regulated power supply making for excellent 
accessibility. Wherever possible, standard commercial 
components have been utilised throughout, simplifying 
acquisition. 

Lightweight: only 8kg(approx. 17.51b). 



Reliable: here we have called on our many years’ experience in 
the manufacture of low cost scopes. Components are rated 
in excess of their required values. Automatic insertion and 
testing reduces human errors. Flow soldering ensures 
maximum reliability of soldered joints, 

Low cost: just check our price list and remember 
there is a lot more to cost than just the price. 

We made it happen, 

so if you would like to know the full spec., 
send for our colour leaflet. 


2061 


Tel equipment I 


Tektronix UK Ltd.. PO Box 69. Coldharbour Lane, Harpenden. Herts. 

Tel: 05827 63141. Telex: 25559. Regional Offices: Dublin 500979. Livingston 32766, 
Maidenhead 71555. Manchester 061-224 0446 
Also available from Electroplan Ltd.. PO Box 19. Orchard Road. Royston. Herts. 
Tel: Royston 41171 

WW—097 FOR FURTHER DETAILS 
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NewSindairDMZlS 
digital multimeter. 

3'/2 digits ••• 6 functions ••• fuliy portable. 




The DM235 incorporates the most 
important features of a bench-top meter 
into a rugged yet lightweight instrument for 
true portability. High accuracy, resolution 
and input impedance mean superior 
performance to analogue meters - but at a 
price significantly lower than many. The 
DM235’s design and specification makes it 
ideal for all but the most demanding 
applications. 

Big, bright, unambiguous display 

Full 3 '/2 digit display, reading to ± 1999. 

8 mm LEDs, ultra wide angle of view. 

Six functions. 26 ranges 

DC Volts.1 mV to lOOOV 

AC Volts 1 mV to 750 V 

DC Current.Ip A to lA 

AC Current.Ip A to lA 

Resistance.Ifito 20 Mn 

Diode test.O.lp A to 1 mA 

10 Mn input unpedance. 

High accuracy 

Basic accuracy of 0.5% (2 V DC range). 
Other DC ranges and Resistance 1.0%. 

AC ranges 1.5% 30 HZ -10 kHz. 

Easy to use, by anyone, anywhere 
Automatic polarity operation, automatic 
decimal point placement, automatic out- 
of-range indication. 


Lightweight but strong 

High-impact moulded ABS case, size 10 in 
X 5.8 in X 1.6 in. Weight less than 1V2 lb. 
Basic operation from disposable cells, for 
independence from AC supply. 

Line operation available via optional AC 
charger/adaptor. 

A full range of optional accessories 

DM235 meter complete with test leads 


and prods./;49.80 

AC adaptor/charger 240 V 50 HZ.£3.50 

Eveready carrying case with lead 

stowage compartment.£8.50 

Rechargeable battery units.£8.00 

30 KV high voltage probe.£15.00 

(Allprices subject to 8% VAT) 

Find out more! 


Sinclair Radionics are one of the world’s 
largest producers of digital multimeters - 
the DM235 embodies over seven years’ 
expereince. It comes with a full 12 month 
guarantee. If you’d like to know more about 
the DM235, send the coupon below. We’ll 
send all the facts (and a list of distributors) 
by return. 


Sinclair Radionics Ltd, St Ives, j6l 
H untingdon, Cambs.,PE174HJ. 

sindaii— 

World leaders in fingertip electronics 

nTo: Sinclair Radionics Ltd, St Ives, I 

Huntingdon, Cambs., PE17 4HJ. 1 

Please send me full illustrated 1 

I details ofthe new Sinclair DM235. 

I Name_ 

I Position_ I 

Company_ i 


WW—021 FOR FURTHER DETAILS 
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Add-on oscillos cop e 
waveform store 

2 — Control circuitry, setting-up and operation 

by R. O. Fastner (G8GRZ) 


Digital storage techniques allow an 
ordinary dual-channel oscilloscope to 
function as a storage type. The input 
signal to the oscilloscope is extracted, 
converted to digital form, stored, 
converted back to the analogue form and 
displayed on the oscilloscope screen. A 
useful feature is that the waveform before 
the trigger pulse can be displayed. 

Circuitry is included to remove the 
"steps" in the waveform which would 
ordinarily be the result of a sampling 
process. 

Control circuitry These circuits seen 
in Fig. 7 are operated from a 15V supply 
and consist of the sync counter, blank- 
length counter, store read/write bist¬ 
able, roll read/write bistable and store- 
full bistable. “A” and “B” gate-level 
shifters, sync -I- and blank buffers are 
also part of these circuits but are not 
described in detail. 

Sync, counter. This consists of three 
MC14510 decade counters, the input 
being derived from the e.o.c. pulse via 
IC31 in Fig. 5. The last stage (lOO’s) is 
preset to the number of divisions re¬ 
quired for pretriggering, i.e., 2(200) for 
two divisions pretrig. The terminal 
count from pin 7 of IC12 is used to flip 
over bistable flip-flops when the 
memory is “full”. It is also used, after 
being delayed for one count, as a sync 
pulse. 

Blank-length counter. One half of a 
4013 dual “D” type flip flop, IC13 and a 
4024 seven stage binary counter, IG14, 
are used in this part of the circuit. Its 
function is to count the number of 
“divisions” after the tenth division dis¬ 
played in order to reset the blank bist¬ 
able. The count length is determined by 
the number of divisions the scope con¬ 
tinues to sweep after the tenth division 
before flyback. The counter length is set 
by diodes and may range from 2% to 2.55 
divisions. A length of 1.5 divisions is 
selected in the circuit diagram. 

Store read/write bistable. When in 
the store mode, the outputs from this 
bistable, half a 4013, IC,^ opens or shuts 
the gates at the input of the memory. 
These outputs, when selected by IC15, 
are labelled Read and Write for the Q 
and Q outputs respectively. When Read 
is high and Write is low, the gates, ICe.? 
in Fig. 2, are enabled to allow the data 


from the memory output to flow to the 
memory input, hence allowing it to 
recirculate. Simultaneously, Write is 
low and this closes the gates from the 
a-d convertor to the memory input. 
When the Write button is depressed, the 
outputs reverse allowing the memory to 
be “written”. This condition is once 
again reversed when the sync counter 
terminal count goes high. 

Roll read/write bistable. The func¬ 
tion of this circuit, ICie- in the roll mode, 
is similar to that described previously, 
except that it is controlled by the sync 
counter. The effect is to change the 
read/write lines once per sweep for one 
sample, i.e., the waveform is sampled 
once in a thousand. This bistable is also 
used to delay the sync pulse by one 
“sample” to allow for the analogue 
delay in the step eliminator. When in 
the roll mode the Q output inhibits the 
counter for one count, causing it to 
count 1001. 

Store-full bistable. This is made up 
from two sections of a 4011, IC17, to form 
a bistable. When in the store mode, its 
function is to inhibit the sync counter 
between the time that the write button 
is depressed and the scope’s sweep 
being detected (A or B gate going high). 
.It is also used to preset the sync counter 
at the beginning of the write cycle. 


Interfacing 

This unit has been designed and built 
around the Tektronix 465 oscilloscope. 
For it to operate with other instruments 
the inputs and outputs of the unit may 
need to be interfaced with those of the 
oscilloscope. 

Feeding the output waveform into 
the second channel of the oscilloscope 
should present no problems, as the out¬ 
put voltage has been selected so that the 
waveform may be expanded and com¬ 
pressed and at 2V/div most instruments 
should be able to do this. However, if 
desired, the gain of ICas- the output 
buffer, may be altered as required by 
altering the feedback resistor. 

The sync -I- output also should pre¬ 
sent no problems. If the 0 to -I- 15V edge 
is too high for the oscilloscope to trigger 
on reliably, a simple potentiometer 
divider may be placed across the output 
and the sync signal taken from the 
junction of the two resistors. The pull 
up on Tr4 emitter should not be in¬ 
creased, as the increased capacitive 
effect between base and emitter will 
reflect back into the high impedance 
c.m.o.s. logic. This may cause trouble 
when in the roll mode. 

The blank signal, fed into the Z mod. 
or axis input of the oscilloscope, has an 
output of 0 to -H15V, the output being at 
-I- 15V during the blank period. If inver¬ 
sion is required to give OV during the 
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blank period, Tra base could be taken to 
the Q output of the blank bistable. 
Again, if the levels present a problem, a 
simple potentiometer divider could be 
used, as for sync +. 

Due to the very large number of 
oscilloscope models, it is impractical to 
go into detail when describing the pick- 
off points for “A” trig, “B” trig and 
waveform in. All instruments of worth 
have trigger and blanking circuits, the 
former being derived from the input 
amplifier, via a buffer, and the latter 
from the sweep controlling logic. 

Minimum interference is caused to 
the operation of the oscilloscope by 
taking the “waveform in” signal via an 
interface buffer from the ‘‘trigger 
buffer”. This buffer can be some form of 
operational amplifier in the non¬ 
inverting mode (high impedance) or a 
simple emitter follower. The sweep 
waveform is usually obtained from an 
integrator, whose input is a step derived 
from the trigger circuit. Also from this 
circuit an unblanked signal is derived 
which enables the “trace” during 
sweep. Either of these two signals may 
be buffered and used for the A and B 
trig. Care should be taken to ensure that 
they are clean, and the signal does not 
have “chopped blanking” waveforms 
superimposed on it, or that the A sweep 
signal does not have B sweep signals (or 
vice versa) mixed with it. For correct 
blanking circuit operation within the 
storage unit, the “A” trig should stay 
high for at least 10 divisions (10 x 
storage unit store time/div setting) and 
is independent of “B” timebase which 
may be a positive pulse. 

Some scopes have A and B gate out¬ 
puts using higher output levels. In these 
cases R,„ Rg^are changed so that Tr,-base 
voltages are a little less than the “high” 
input voltage. 

Practical considerations 
Care should be taken when mixing an¬ 
alogue and digital circuits and it is 
recommended that the impedances 
around the input amplifier should be 


kept low to reduce adjacent track 
crosstalk. It was found that the wire 
from the position pot to the non¬ 
inverting input of the input amplifier 
had several microvolts of hum induced 
in it by the mains transformer. To stop 
this being superimposed on the output 
of this amplifier, a capacitor C, has been 
added from the non-inverting input to 
OV. The storage capacitor, C28, in the 
sample-and-hold section of the step 
eliminator is floating when the analo¬ 
gue switch is off, and therefore board 
leakage should be reduced as far as 
possible to prevent discharge (or 
charge) of this capacitor. Also the 
tracking to and from this capacitor 
should be kept as short as possible to 
reduce hum pick up. It has been found 
that slight amounts of “tilt” and hum on 
the integrator input have negligible 
effect on its output even on low dis¬ 
played time/div settings. 

Setting up 

Only two adjustments need to be made, 
the first being to null the offset voltages 
of the d-a and output stages. This is 
achieved by selecting R14 so that with 
B1 only present the “waveform out” is 
OV. The second adjustment is to set the 
gain of the input amplifier so that when 
a voltage proportional to ± 3 divisions is 
fed into the unit, an output of ±6V or 
±3 divisions is obtained. 

To null the offset voltages first dis¬ 
connect the -I- 15V supply to the store/ 
roll switch. This disables the read/write 
lines which in turn disables the read/ 
write gates. Bits 1-8 at the memory 
input will now be low. Disconnect B1 to 
the memory input and connect it to 
+ 5V, The d-a convertor will now only 
see Bl, and R^ may now be selected so 
that the output of the unit is as near as 
possible to OV. The offset voltages of the 
d.a.c., step eliminator, and output buffer 
have how been nulled- Reconnect up 
the supply to the switch and Bl to the 
memory output. 

Setting up the gain is accomplished 
in the following way. Connect up the 
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inputs and outputs between the 
oscilloscope and unit. If a single time- 
base instrument is used connect the “B” 
trig input to OV. Set both oscilloscope 
and unit to Ims/div, the oscilloscope to 
“A” timebase only, and Auto trig on 
Chi. Set the unit to Store mode and “B” 
trig, and press the Write button. The 
write indicator should come on and stay 
on. Feed into the Chi input of the 
oscilloscope a sine wave of 
approximately 500Hz and ±3div in 
amplitude (symmetrically about OV). 
Ch2 should be displaying the processed 
waveform and the gain control RVj, in 
conjunction with theposition control 
RVi may be adjusted to give a unit 
output of ± 6V (about OV). If the input 
is increased above ±3 div the output 
should saturate at ± 6V. In the above, it 
is assumed that the channel whose out¬ 
put is used as the input to the unit is 
Chi. 

The maximum position voltage req¬ 
uired is a little more than the maximum 
input voltage. If the input voltage is 
50mV/div for 6 div, this gives an input 
voltage of 300mV, and the position 
voltage Vg will also be around 300mV. A 
value for R5 of 47kI2 satisfies this 
requirement. 

Operation 

Store mode. The oscilloscope is 
operated normally in either the single¬ 
sweep or normal trigger mode. So that 
the displayed waveform is stored as 
originally displayed, the time/div 
switches of the oscilloscope and unit 
should be set to the same positions. 
When storage is complete the 
oscilloscope should be triggered from 
the unit sync output. 

The Write button is depressed before 
the oscilloscope triggers; this resets the 
store read/write bistable and causes the 
Write indicator to light and the data 
from the a-d converter to be gated into 
the memory. The Store Full bistable will 
be reset by ICig, pin 12 and its Q output 
on pin 3 is gated with IC le, pin 12 in IC ,7, 
pin 4. The output of the gate is inverted 
by IC18 and the resulting high output is 
fed to the chip enable input of ICio, 
inhibiting it. The circuit remains in this 
state, i.e. Write high, sync counter dis¬ 
abled and the unit waiting for the 
oscilloscope to be triggered. 

When the oscilloscope triggers, the A 
gate will go high, indicating that the 
sweep has commenced. This high is 
level-shifted to -(-15V and IC,7, pin 10 
goes low, setting BS2, BS2 Q output is 
fed into a pulse-forming circuit which 
produces a positive-going pulse of 
approximately 3|U.s duration. This pulse 
presets the sync counter to 200 if 2 
divisions of pretrigger has been 
selected. The Q output of BS2, causes 
IC 17 pin 11, to go high. This, via IC u, pin 
3, enables the sync counter, which pro¬ 
ceeds to count up a further 800 samples 
to 1000. At the count of 1000 IC12 ter¬ 
minal count goes high clocking BSi and 
setting it. “Read” will now be high and 
the gating is enabled to allow the data in 
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CircuH •lamants 
Qty l.cs 

2 CD 4010 hex. non-inverling 
butfer/convertor 

6 CD4011 quad 2-input Nand 

gates 

1 CD4012 dual 4-input Nand 
gate 

2 CD 4013 dual "D" type flip- 
flop 

1 CD 4016 quad analogue 
gate/switch 

, 3 CD4019quadAnd-Or-Selecl 
gates 

1 CD 4024 7-stage binary 


5 MC 14510 presettable de¬ 
cade up/down counter 

1 MC 14559 successive- 
approximation register 

2 MC 1408-L8 8-bit digital-to- 
sTnalogue convertor 

1 MC 1407 a-d control circuit 

4 NE 531 high-speed differen¬ 
tial op-amp 

16 NE 2528 dual 250-bit shift 
register 

1 LM 302 voltage follower 


BSX19n-p-n 
2N2906 p-n-p 
BC107n-p-n 


35 1N4148 general-purpose 

1 BZY 88 C4V7 Zener 
1 1.8 MHz crystal (for 


_22n paper, polyester, i 


220n 

470n 

100|i electrolytic 


lit gives a storage ai 


Input from oacilloacopo: 

-I- 300 mV for all positive storage 
—300 mV for all negative storage 
i: 150 mV for bipolar storage 
The input levels are easily adjusted 
to suit the oscilloscope and the OV 
position is adjusted by a control on 
the front panel. 

Time/div. ranges; 

Store mode: 500, 200, 100, 50, 
20, 10, 5, 2, 1,0.5ms/div. 

Roll mode: 500. 200, 100, 50, 20. 
10, 5, 2, 1,0.5s/div. 

Thus the range is from 0.5ms/div 
to 500 s/div in 19 ranges. 

Waveform output to 
oscilloscope: 

± 6V (2V/div)-irrespoctive of input 
polarity: i.e. OV appears as —6V for 
all positive storage. 

-t-6V for all negative storage, 
and OV for bipolar storage. 

The output levels are easily adjust¬ 
able. 

Sync to oscilloscope 

stored waveform. This is fed into the 
Ext Trig input of the oscilloscope. 


470R 

560R 

820R 


3-pole lOpos. rotary - 

1-pole 2-throw toggle 

1-pole '‘2-throw toggle 

1-pole push button 
1 -pole 4-pos. lever 


the length of which is selected tc 


A-Gste from osciUoscopa: 

-i-5V logic level, going high at the 
start of "A " timebase sweep. Level 
must be maintained for at least 10 
divisions during display stored 


the memory to recirculate. Since the a-d 
converter was operating prior to the 
oscilloscope triggering, the data in the 
memory will consist of 200 samples, 
which have not been displaced by new 
data, and the 800 samples fed into the 
memory after the oscilloscope trig¬ 
gered. Hence, 2 divisions pretrigger and 
8 posttrigger. The counter is preset in a 
similar manner for each of the other 
pretrigger positions. 

Also, at the instant the terminal count 
goes high, BS3, thejoll read/write bist¬ 
able, is reset. The Q output clocks BS4, 
the blank bistable, so setting it. This has 
two effects: the first is to cause Blank to 
go high, blanking the oscilloscope’s 
trace. The second is to inhibit Clock 1 to 
the memory. Clock 2 to the sync 
counter and Enable to the blank-length 
counter. These two actions result in the 
unit locking up, with the oscilloscope in 
a blanked condition, for the duration 
taken for the blank-length counter to 
time out. When the desired count 
(selected by diodes) is reached BS4 is 
reset, re-enabling the sync counter and 
memory. During the blank period the 
memory presents the first sample to be 
displayed at its output. This is done so 
that the step eliminator can ramp the 
“false sample” between the end and the 
beginning of the stored waveform, (i.e. 
sample 1000 and sample 1) whilst the 
trace is blanked. The first clock pulse 
after the blank phase clocks BS3, setting 
it. Sync goes high which, if the 
oscilloscope were set to ext. trig, would 
trigger the oscilloscope at the start of 
the stored waveform. Thus the com¬ 
plete store cycle is: Write button 
depressed-unit locks up waiting for the 
oscilloscope to trigger; oscilloscope 
triggered; counter preset; counter 
counts up the number of “divisions” 
required; terminal count reached; unit 
“switched” into Read; oscilloscope 
blanked and unit “locked up” with the 
first sample at the output of the 
memory; oscilloscope ends sweep and 
flyback; blank circuit times out allowing 
the stored waveform to be displayed. 
The oscilloscope trigger source is set to 
external so that it triggers from the unit. 
Triggering the unit from the “B” time- 
base allows delayed storage to take 
place. 

The unit can be used to store a peak 
level, whilst observing the incoming 
waveform, by setting the oscilloscope to 
“A Intens by B” and setting the “B” 
trigger level to the peak level to be 
detected/stored. For example, if the 
normal input waveform level to the 
scope is ±15 divisions, the “B” time- 
base may be set to trigger at +1.6 div. 
Thus, if the input goes above +1.6 div 
the unit will store the waveform around 
this point (store peak detected). 

Role mode. This extends the 
oscilloscope’s lowest range from 0.5 
s/div to 500 sec/div. The waveform 
appears to move from right to left, in 
similar manner to a paper strip recorder, 
with the latest level appearing on the 
right. When 0.5 sec/div is selected, the 


waveform is displayed at 0.5ms/div 
whilst “moving” from right to left. This 
provides a display that is easy to view 
since the whole waveform can be seen 
instead of a moving dot. Switching the 
unit to ‘store’ holds the waveform. The 
Roll mode is achieved by inhibiting the 
sync counter for one count, causing it to 
count to 1001, which means that the 
oscilloscope triggers on successive 
samples. Hence, the waveform then 
appears to roll round. Whilst the 
counter is inhibited, the read/write lines 
change over so that the sample before 
the oscilloscope triggers is “up-dated” 
and appears at the end of the sweep. 

At the count of 999, 1C ,2, pin 7 (ter¬ 
minal count) is low^nd the unit is in the 
Read mode. BS3 Q is low, the sync 
counter is enabled and Sync + is high. 
On the next clock pulse (1000)lCi2, pin 7 
goes high and the previous low terminal 
count is clocked through BS3. This in¬ 
hibits the sync counter via BS3 Q and 
causes the unit to go into the Write 
mode. The next clock pulse (1001) again 
clocks the previous high terminal count 
state through BS3. Sync + goes high. 


triggering the oscilloscope, and the sync 
counter is again enabled. The unit goes 
into Read mode for the next 999 clock 
pulses. In this roll mode the unit does 
not lock up during the blank phase, and 
the oscilloscope triggers on alternate 
sync pulses, i.e. the sync pulse follows 
immediately after the end of 10 divi¬ 
sions. 

It is regretted that it is impracticable 
to publish the printed board design for 
the storage unit, but Wireless World 
can supply photocopies (made on a 
rather better machine than in the past) 
to readers who send a stamped, ad¬ 
dressed envelope to their offices. 
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Electronic organ tone system — 2 

Frequency generation and keying matrix 

by A. D. Ryder, M.A., Ph.D., F.I.E.E. 


The previous article gave details 
of the reference generator and its 
construction on a Veroboard. This 
month's article describes the gate cards 
which are based on specially designed 
printed circuit boards. 

One gate card is needed for each of the 
12 notes in the scale. The d.c. signals 
from the playing keys are brought in, 
either directly or via the coupling 
circuits, through edge connections at 
the front. Output connections are made 
via the rear edge-connector which also 
carries supply rails, the reference signal 
and, if used, the vibra.to signal. 

Outputs of, for example, the C card 
are square-wave signals at multiples of 
32.7Hz, the fundamental of the lowest C 
used. These are collected onto a set of 
square-wave buses (SQB) which are 
common to all 12 gate cards and form 
the inputs to the three filter cards. There 
are seven sinewave harmonic pitches 
for each'departtnent, 21 in all, which are 
the outputs of the filter cards. To ease 
filter design, the fundamental SQBs are 
each divided into three sections, and the 
rest into two, so that in all there are 45 



Fig. 10. Phase lock 'loop for C card. This 
circuit multiplies the reference 
frequency by 60. i ‘ i 

Fig. 11. Feedback loop ofp.l.l. at low 
frequencies. S' ^ 


Fig. 12. Frequency derivation on C 
Card. All diodes are general purpose 
devices such as the lN4i48. 




gate card outputs. The cards also pro¬ 
vide a spare SQB for each department so 
that there are a further six output lines 
'which can be used for the various 6p- 
tions to be described later. 

The functions of each gate card are 
thus the local generation of the required 
frequencies, tied to the incoming 
reference, and the gating of these selec¬ 
tively to the square-wave buses under 
the control of key signals. In addition, 
the cards carry circuits for shaping the 
keying envelope, and can accept a 
signal for vibrato. 

Frequency generation 

The circuit in Fig, 10 shows how a 4046 
p.1.1. is used to derive a frequency of 60 
times the reference. Except for R, and 
R2, which decrease with increasing 
frequency, this circuit applies to all 12 
gate cards. The reference input at pin 14 
is a.c. coupled, and the IkSl resistor. 
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Fig. 13. Common-base transistor gates. 
Input signals Fj and F2 are 
square-wave divider outputs. 


KB (to transistor bases) 



KBi KB2 KBa KB4 



Fig. 15. Portion of the three-way 
matrix. This layout is roughly the same 
as the p.c.b. viewed from below. 


Fig. 16. Component layout of the 
frequency generating section on EOl 
cards. 


Fig. 14. Keying circuit. The double 
integrating network is used to control a 
d.c. output component by shaping the 
keying envelope. 


together with the 22kl2 buffer in Fig. 4 
control the reference level. A divider is 
connected between the v.c.o. output 
and the comparator input, and the 
digital phase-comparator output at pin 
13 is used for control. This comparator 
has a switching action which reduces 
the settling time for a given feedback 
time constant. The control signal at pin 
9 must have an in-phase component for 
stability, which in turn makes h.f. 
filtering desirable to minimise output 
jitter. Fig. 11 shows the circuit at l.f. 
where the lower network is the parallel 
combination of 82k 12, 120k 12 and 
100k 12. Returning the capacitor to 
about 2V reduces the charging time at 
switch-on. 

When a vibrato signal of 4 to 8Hz and 
amplitude E is applied, the amplitude at 
pin 9 is roughly E/3. The frequency 
deviations cause an antiphase square- 
wave signal at pin 13 which swings 
between about -1-1.25 and -H 3.75V. Ex¬ 
cept for very low values of E, this has 
negligible effect on the extent of 
frequency modulation. However, the 
mean voltage at pin 9, if not initially 
2.5V, will tend to this figure, assuming 
symmetrical modulation, so that the 
mean frequency will drift slightly, 
though the original frequency will 
always lie within the modulation range. 
The trimmer allows initial setting-up for 
2.5V. Generation of the vibrato signals 
is considered in a later article. Table 4 
shows some frequencies used on the 12 
gate cards. 

Frequency dividers 

In Fig. 12, each 4520 i.c., which contains 
two independent 4-stage dividers, has 
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the enable inputs connected to the 
positive supply rail. Non-binary counts 
are achieved by premature reset. 
Counter lA, for example, divides its 
input at pin 9 by 15 because the four 
outputs represent counts of 1,2,4 and 8. 
The diode AND connection allows line 
N to go high on reaching the count of 1 
-1-24-4-1- 8, i.e. 15. The 120kS2 resistor in 
series with the reset input at pin 15, 
together with the input capacitance, 
provides a short delay to avoid switch-, 
ing ambiguities. The 1 output appears 
eight times in the cycle, the last time 
briefly. The 8 output has a frequency of 
60ref/15 i.e. 4ref, which in this case is 
8370Hz, and a mark to space ratio of 
approximately 7/8. 

Counter IB is used without reset, pin 
7 grounded, so that the overall division 
to piri 4 is 60, as required for Fig. 10. The 
pin 3 output, at 2ref, is taken to a 4024 
7-stage counter so that a total of 9 
octavely-related C frequencies, the uni¬ 
sons, are available down to 32.7Hz. _ 

Counter 2B is connected to divide by 
12, 8-1-4, and produces an output of 
5ref, again extended by a 4024 to give 
eight 5th harmonic pitches. As this is an 
even division, the 1 output at pin 3 is a 
square wave at 30ref, which is divided 
by 10 in counter 2A. Here the 4 output 
has the same frequency of 3ref as the 8 
output, but a mark to space ratio of 
nearer unity. This output is used with 
another 4024 to provide eight 3rd and 
6th harmonic pitches. 

As already noted, the lowest pedal 
frequency is 32.7Hz, and the lowest 
manual is 65.4Hz. These correspond to 
4ref/256 and 4ref/128 respectively. The 
3rd har mo nic of 32.7Hz, 5V4ft,is 3ref/64, 
and the 5th, 3)'^t is 5ref/^, so that in 
the basic system, neither of these buses 
requires the lowest output from its 4024 
i.c. 

The fundamental of the highest 
manual key, CK6, is 2093Hz, therefore 
the highest unison at 4ref, 8370Hz, pro¬ 
vides only the 4th harmonic at this level. 
A frequency of 8370Hz is the normal 
limit for the fundamental of an organ 
pipe. With the next highest key, BK5, 
4ref at 15,794Hz would provide the 8th 
harmonic but, as table 5 shows, the 
various pitches are discontinued at 
about lOkHz, and at CK6, the 5th is the 
highest provided. 

Although CK6 is the highest key, the 
gate cards carry K6 circuits up to G, to 
operate with octave couplers if used. 
The frequency limits are noted in table 
5. The highest pedal key is GK3 which 
has a fundamental of 196Hz and an 8th 
harmonic at 1568Hz. A complete K4 
octave is provided for the pedal depart¬ 
ment, which extends to 3135Hz. 

Alternative reference set 
As noted in the previous article, the 
clock input to the multiple divider may 
be at various frequencies. For example, 
at IMHz instead of 943.7kHz, the C 
reference is 4186Hz as shown in table 2. 
This is accommodated by taking the 
comparator signal from pin 3 of counter 


Table 4. Some gate-card frequencies using the tunable reference source set to zero beat 


Note 

Nominal ref Actual ref 

frequency (Hz) frequency (Hz) 

60 ref 

4 ref 

5 ref 

3 ref 

c 

2093.0 

2092.4 

125,544 

8370 

10,462 

6,277 

C 

2217.5 

2215.2 

132,912 

8861 

(11,076) 

6,646 

D 

2349.3 

2347.4 

140,844 

9390 

(1 1,737) 

7,042 

D' 

2489.0 

2489.9 

149,394 


(12,450) 

7,460 

E 

2637.0 

2635.9 

158,154 

10,544 

(13,180) 

-7,908 


2793.8 

2791.9 

'167,514 

(11,168) 

(13,960) 

8,376 


2960.0 

2958.2 

177,492 

(11,833) 

(14,791) 

8,875 

G 

3136.0 

3135.1 

188,106 

(12,540) 

(15,676) 

9,405 

G- 

3322.4 

3322.8 

199,368 

(13,291) 

(16,614) 

(9,968) 

A 

3520.0 

3521.1 

211,266 

(14,084) 

(17,606) 

(10,563) 

A’ 

3729.3 

3729.9 

223,794 

(14,920) 

(18,650) 

(11,190) 

1 

3951.1 

3948.4 

236,904 

(15_,794) 

(19,742) 

(11.845) 

Theb 

rackets indicate 

frequencies not used directly. 




Table 5. Upper frequency limits 





Harmonic no. 

1 2 

3 4 

5 

6 

8 

Highest key 

GK6 GK6 

GK6 EK6 

CK6 

GK5 

EK5 

Frequency 

3135 627Q 

9405 10,5- 

t4 10,462 

9,405 

10,544 


resistors vertical 



Fig. 17. Keying circuit layout from A 
component side, showing two circuits. 
Except for the value of R, all of the 
circuits are identical. The common wire 
connections bend down to enter the 
p.c.b. on the left. 


—a *-9 


Fig. 18. Card C square-wave bus output 
connections on copper side. This 
pattern also applies to cards C to G, 
except for fewer gates in the TK6 and 
SK6 columns. Spare gate positions at 
the bottom are not shown, y 
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IB in Fig. 12, rather than pin 4, and so 
multiplying the reference by 30 instead 
of 60. This selection is by a wire link on 
the p.c.b. see Fig. 16. 

Keying 

Because a large number of gates are 
needed, a minimum component count 
per gate is desirable, and the common- 
base transistor configuration which was 
chosen is shown in Fig. 13. Input signals 
Fiand F2 are 5V square-wave divider 
outputs. When the base voltage of one 
of the transistors, e.g. Vki, is zero, it is 
held off. As this voltage is increased, the 
transistor starts to conduct during the 
low excursions of Fi and a current of 
roughly (Vk,-0.6)/Ri flows out of the 
emitter. When Vk, is about 5.6V, the 
transistor ceases to cut off during the F1 
cycle and the output current swing at 
the collector is at a maximum of 5/Ri, 
with a mean level of 2.5/R, for a unity 
mark to space ratio. A further increase 
of Vk, merely raise the mean current 
without increasing the a.c. component. 

The high output resistance of the 
common-base connection means that, 
with practical values of filter input 
impedance, the contribution of each 
gate is more or less independent of the 
others, and almost entirely determined 
by its input resistor. The base provides a 
low-current input for the keying signal 
and, if decoupled to ground, isolates the 
input and output. The main cause of 
breakthrough with the g; te off, is 
emitter-collector capacitan ;, but for 
the suggested BC548C tran? ior this is 
less than 0.2pF. 

Although the common-f configu¬ 
ration has advantages o' he usual 
diode gate, it does have ; vback in 

common with other unb-ed gates, 

of the d.c. output component. If 
switched directly by the key, there 
would be an intolerable thump at the 
start and finish of a note, especially as 
the following filters must be low-pass. 
This thump is controlled by shaping the 
keying envelope with a double- 
integrating circuit as shown in Fig. 14. 
The time constants are graded over the 
frequency range. A lOOkfi pull-down 
resistor produces a turn-off time similar 
to the attack time, and the voltage at K 
is limited by the diode. 

Amplitude control 

Reducing the direct keying voltage be¬ 
low 5.6V provides one means of 
reducing the volume of a complete de¬ 
partment, without using controls in the 
signal path, and can be used for expres¬ 
sion pedals and/or switchaWe depart¬ 
mental balance. A square waveform, as 
used here, is the only type which can be 
controlled in this way without affecting 
the harmonic spectrum. 

Keying matrix 

With provision for coupling, there are 
68 keying circuits for each manual de¬ 
partment, and 32-1-12 for the pedal. 
Thus, there are in all 180 of the circuits 


in Fig. 14 with 16 on each card C to G, 
and 13 each on G’ to B. 

Each KB signal controls seven gates, 
one for each harmonic pitch, except 
where" the higher harmonics are dis¬ 
continued at the top end. Every manual 
SQB set collects the outputs of up to 68 
gates and similarly, each pedal SQB set 
collects the outputs of up to 44 gates. 
The generated frequencies on a gate 
card may feed one or more gates be¬ 
cause, for example, the fundamental of 
C6 is the 2nd harmonic of C5, the 4th 
harmonic of C4, and the 8th of C3. 

The required interconnection pattern 
using a three-way matrix, is shown in 
Fig. 15. Keying circuits, not shown, are 
at the top, and their KB outputs, as 
printed tracks, run vertically to the 
transistor bases. Input signals at 
frequencies Fj, F2, etc., are connected by 
wires on the component side, and the 
input resistors project upwards from 
the board with their lower ends con¬ 
nected to the emitters by printed track. 
The collector leads pass through holes 
and are connected below the board by 
wire to form the buses 1, 2, 4, etc. This 
layout minimises stray capacitance 
across the gates. A suitable wire is 33 
s.w.g. Kynar insulated, as used for 
wire-wrapping. 

Component layout 

The EOl board carries connector pads 
on both of its vertical edges, 24 at the 
input end and 59 at the output end. The 
frequency-generating components 
shown in Fig. 16 are, towards the input 
side, separated from the matrix area by 
a broad vertical ground track. 

The board also carries tracks for an 
additional p.1.1., and for three further 
i.cs, associated with options to be de¬ 
scribed later. The keying components 
mount along the top of the matrix area 
and, as shown in Fig. 17, the lOOkSl 
resistors and diodes are mounted on end 
with overhead wires which terminate in 
the left of the board. Connections K to 
the input pads are made in wire starting 
with UKl to position 10, TKl to 11, and 
so on leaving positions 1 to 9 unused. 
This differs from Figs. 22 and 23, but is 
suggested to simplify one of the options 


Fig. 19. Card output connections for G' 
to B. Connection on pads 25 to 52 
follow the pattern of Fig. 18, except 
that there are no gates in columns 
UK4, TK6 and SK6. 


described later. On cards with only 13 
keying inputs, G' to B, positions 19, 24, 
25 (UK4, TK6 and SK6) will also be 
unused. 


Matrix area 

As already mentioned, only the base 
and emitter leads are soldered to p.c.b. 
tracks, and the collector connections 
are made with wire as shown in Figs. 18 
and 19. The output edge connections 
finish at oval pads indicated by the 
numbered dots at the right. 

The labelling at the far right identifies 
the SQB by harmonic number and de¬ 
partment. For example, lU is the pedal 
fundamental, 2T is the great 2nd har¬ 
monic, and so on. The low, middle, 
where used, and high sections of each 
SQB are connected in sequence so that 
pad 8 is lUL, pad 9 is lUM, and pad 10 is 
lUH, pad 21 is 2TL, pad 22 is 2TH, etc. 
Labelling is primarily for descriptive 
purposes and the connections are 
straightforward. The staggered rows of 
dots represent the collector leads, and 
the short rows are associated with the 
pedal buses. 

Each horizontal rectangle in Fig. 20 
represents a gate transistor and its ver¬ 
tically mounted input resistor, R„. The 
upper ends of the resistors are soldered 
to the wire signal buses which run 
diagnonally. The divider output con¬ 
nection points of Fig.. 16 are indicated at 
the right, and connections from these to 
the signal buses are made on the com¬ 
ponent side with wire. 

Values of Rn vary with frequency to 
produce, in conjunction with the filter 
response, a predetermined amplitude/ 
frequency characteristic, which will be 
described in a later article. Choosing 
appropriate filter parameters minimises 
the variety of values on any one gate 
card. 


Assembly and testing 
For the output connections of Figs. 17 
and 18, where two or more collectors 
are joined, wire is stripped to length and 
soldered to the leftmost position. A 
small blob of solder is deposited on each 
collector lead to the right, and the wire 
is then held tight and soldered to each 
lead and finally to the output pad. To 
suit the suggested rack spacing, the 
component leads must not project more 
than 4Vimm from the underside of the 
p. c.b. 

It is convenient to first connect the 
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vertically mounted resistors and diodes 
as sub-assemblies by using the simple 
jig in Fig. 21. The holes are marked out 
from a p.c.b., drilled to fit the com¬ 
ponents, and opened out at the top tor 
easier soldering. Leads at the p.c.b. ends 
of the components are cut to a uniform 
short length and, after insertion in the 
jig, their upper leads are soldered to a 
straightened length of bare wire laid 
along the top. The jig and cutting di¬ 
mensions should give a maximum pro¬ 
jection above the board of 14mm. 

It is recommended that the area in 
Fig. 16 is completed and tested first, 
which requires -I-5V on connector 3, 
ground on 59 and 60, and the appro¬ 


Fig. 20. Card C matrix resistors viewed 
from the component side. All values are 
in kil Divider outputs are numbered as 
multiples of the lowest frequency on 
the card. Harmonic numbers are in 
circles. Pedal harmonics are at half the 
manual frequencies. The lowest three 
rows of the matrix, which are not 
shown, are spares. 

Fig. 21. Section of assembly jig 
constructed from two pieces of 
hardwood. 

1.H H 


96 

192 


priate reference on connector 4. The 
vibrato connection should be sub¬ 
stituted by a l|iF capacitor to ground. A 
Ikfi resistor temporarily in the 5V lead 
should not drop more than about 2V 
unless there is a fault, ia which case it 
should prevent damage. Divider out¬ 
puts should be checked with, an oscillo¬ 
graph and frequency meter if possible. 
The trimmer should be set to give 2.5V 
at the lower end of the lOMO resistor. 

To be continued. 
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Is it'goodbye’ 
to the Dynamometer? 


The new Feedback Electronic Wattmeter EW 604 
could be your ideal replacement for the conventional 
dynamometer. 

It’s inexpensive yet amazingly versatile, reliable and 
efficient. A self-contained unit which needs no other 
accessories, the Feedback EW 604 is really robust—both 
physically and electronically. 

It performs over a remarkably wide range of power 
(250mW to lOkW full scale), current (50mA to lOA) voltage 
(5V to 1000 V) and frequency (d.c. to 20 kHz). 

The instrument is fully protected against misuse or 
incorrect terminal connection. It’s the ideal answer to most 
power measurement problems in power systems, audio 
systems, heating plant, vibration testing, pumps, machine- 
tools, compressors, generators, aircraft systems, transformers, 
domestic equipment and education. 

It’s an instrument whose wide ranging performance 
should bring an equally wide grin to the face of even the 
testiest tester! Particularly when he learns it’s covered by a 
two-year guarantee. For fully detailed literature on the 
Feedback EW 604, simply complete and post the coupon 
today. Or contact our distributors 

P.O. Box 19, Orchard Road, 
WUbllV|«ISin Royston, Herts. SG8 5HH. 


Please send further information on the EW 604 and the other 5 
instruments in the range. 


I Telephone _ 

1 Feedback 
I Instruments 
! Limited 

I Park Road, Crowborough, Sussex TN6 2QR. 
I Telephone: Crowborough (08926) 3322. 

^ Cables: Feedback Crowbr. Telex: 95255. 




The FsedbackWattmeter will make even the testiest tester smile! 


WW—084 FOR FURTHER DETAILS 
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Only our name has ctiai^ied. 




products are the same 


Low pass filters, filter connectors 
and multi-section filters. 


Ctystal oscillators. 


■ Button mica capacitars 


Meted oxide power resistors 
(00132 series). 


Miniature carbon film 
resistors (00120 series). 


Carbonfilm 
potentiometers 
89PN€r 
, S7PNF. 


trimmer capacitors. 


‘ Transcap’* disc, feed thru, 
stand-off and ‘Monobloc’* capacitors. 


Fixed composition rest 
0025 <1^00026. 


H.V. rectifiers and 
multiplier assemblies. 


For Erie professional and military , 
capacitors and filters; and for carbon film 
and metal oxide resistors and pots 
contact ITT Mercator. 

We have changed only the name and 
telephone number in order to avoid 
confusion. You deal with the same people 


at the same address and - what’s more 
important - you get the same high standard 
of service. 

ITT Mercator, South Denes, 

Great Yarmouth, Norfolk NR30 3PX. 

Tel: (0493) 4911. Telex: 97421. 



worldwide component sources 



inmercatorITT 


WW—122 FOR FURTHER DETAILS 
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What future for television? 

Possibilities for three-dimensional and other effects 

bv D. A. Bell, M.A., B.Sc., Ph.D., F.lnst.P., F.I.E.E., University of Hull 


RECENT events have highlighted the fact 
that the manufacturing capacity of the 
television industry has always been in 
excess of the requirements of a steady- 
state market. It was at one time rescued 
from the doldrums by the introduction 
of higher definition (625 instead of 405 
lines) and higher frequency radio chan¬ 
nels. Then, after an interval, it was 
rescued again by the introduction of 
colour. Now the market is getting satu¬ 
rated with colour receivers — so what 
next? Can some other technical deve¬ 
lopment be introduced which will (a) be 
sufficiently attractive to the public to 
generate a large volume of sales but (b) 
be compatible? There is, of course, 
the possibility of starting a non¬ 
compatible service service on one of the 
higher-frequency bands which has not 
yet been brought into use, but such a 
proposition would have to compete 
with the pressure for a “fourth channel” 
in the present service and with all the 
non-television services which compete 
for frequency allocations. 

There is, of course, teletext, in the 
form of Ceefax and Oracle developed by 
the British broadcasting authorities, 
and the Post Office offering the view¬ 
data service called Prestel. The 
broadcasters have the advantage that 
their communication channel already 
exists in nearly every home, but the 
disadvantage that the viewer can 
choose only from a limited repertoire, 
all the items of which are actually being 
transmitted. In Prestel, on the other 
hand, the viewer can actively request 
items from a data bank, the size of 
which is in principle unlimited. 

At the present time “television 
games” adapters are more commer¬ 
cially active. The presentation offered 
by some of these is too repetitive and 
pre-determined; so the next step should 
be to introduce more randomness, using 
either “noise” (e.g. from an avalanche 
diode) or the output of a pseudo- 
. random binary generator. The more 
difficult step is to increase the degree of 
active participation by the player. 

The third dimension 

It is a simple argument that the pro¬ 
gression from monochrome to colour 
should follow on from flat to three- 
dimensional. It has sometimes been 
suggested that the information in a 
three-dimensional picture is infinite. 


because there is an unlimited number of 
arbitrary viewing points from which the 
scene could be observed, each one pre¬ 
senting the viewer with a somewhat 
different picture. This high-lights the 
difference between 3-dimensional 
reconstruction of a scene and 
stereoscopic presentation, since the 
latter is limited to giving a 3-D effect as 
seen from a particular view-point. It 
seems clear that in any telecom¬ 
munication system we must be limited 
to a fixed viewpoint at which the 
“camera” is situated, and therefore 
stereoscopic systerhs are acceptable. 
(This does not prevent the producer 
from changing view-points by switch¬ 
ing from one camera to another or 
moving a cam era, as at present.) 

We should, however, have a brief look 
at two non-stereo devices before dis¬ 
missing the possibilities. First, of course, 
is the hologram which has acquired 
almost an aura of magic. It is true that 
the appearance of the reconstructed 
image can be varied by changing the 
observer’s position. But it is not true to 
say that this is equivalent to being able 
to walk round the object, because the 
range of view-points must be limited to 
the range of angles taken in by the 
holographic recording set-up. Then it 
was estimated in th e comparatively, 
early days (reference 1) that holo¬ 
graphic television would need a band¬ 
width of a considerable number of 
gigahertz, so it has been assumed to be 
impracticable. Now the fact is that 
holography as at present known is 
hopelessly mismatched to the require¬ 
ments of television because it is essen¬ 
tially precise in depth, recording to 
better than a wavelength of light. If we 
consider the presentation of a news 
reader, taking in an area of roughly one 
metre square in the studio, a 625-line 
system gives a surface precision of the 
order of one to two millimetres in that 
area, but a holographic system with 
visible light gives a perpendicular depth 
precision of better than a micrometre, 
i.e. it is over 1000 times too precise and 
one has to pay for this in bandwidth. At 
the same time the transverse precision 
in holography is much less, because a 
transverse movement produces less 
change in optical path length from 
object to recording system than does a 
perpendicular movement. The 
traditional device of using a longer 


wavelength, as in acoustic holography, 
is unacceptable both because it loses 
transverse resolution and still more 
because it loses all the optical charac¬ 
teristics of surfaces, such as colour. 
Bandwidth could be reduced by scan¬ 
ning only a small portion of the holog¬ 
ram of the scene to be transmitted, but 
this would, lose definition in both direc¬ 
tions. So the problem is to find a new 
“holographic” technique which greatly 
reduces the resolution in depth without 
unduly reducing the transverse resolu¬ 
tion. 

Another proposal for a non- 
stereoscopic system is the variable- 
focus method. This involves a projec¬ 
tion type receiver and instead of a flat 
screen a cube of opalescent material is 
used to receive the picture. By varying 
the focus of the projection lens the 
picture appears sharply at varying 
depths, and if the focus is changed 
quickly enough and in synchronism 
with corresponding changes in focus in 
the transmitting carrier, a three- 
dimensional picture should be built up 
in the viewing cube. Both lenses, at 
transmitter and receiver, must operate 
at a large aperture in order to sharpen 
the focus to a particular depth. The 
change of focus must be rapid, and it 
has been suggested that moving-coil 
devices, similar to loudspeakers, should 
be used. Finally one has the dilemma of 
the viewing device. If the opalescent' 
medium is too clear, most of the light 
will pass right through it, and not be 
seen by the viewer; but if it is noticeably 
opaque, the scene will appear to be on a 
stage filled with mist, so that only near 
objects are completely unobscured. 
This system represents an intriguing 
idea, but it does not seem to be practi¬ 
cable unless the opalescent box can be 
replaced by a variable-distance screen. 
This effect could be provided through 
an optical viewing system, but not with 
a large screen for family viewing. 

We are then reduced to stereoscopic 
viewing, in which there are two pro¬ 
blems: one is to ensure that left and 
right pictures are presented to the view¬ 
er’s left eye and right eye respectively, 
and for broadcast television the pro¬ 
blem is to devise a system which is 
compatible with monoptic viewing. To 
solve the first problem one first thinks 
of the cinema techniques using spec¬ 
tacles with pink and green lenses. With 
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a colour tv system one need only put 
appropriate colour filters in front of the 
two cameras of a stereo pair and repro¬ 
duce the two signals on a single colour 
tube in the receiver. Apart from any 
questions of eye strain resulting from 
using this device of splitting left and 
right by colour, this would not be a 
satisfactory advance in entertainment 
television because it would not allow 
reproduction in colour - the 3-D pic¬ 
tures could only be in monochrome. 
The obvious solution is to use polarisa¬ 
tion instead of colour as the means of 
discriminating between Jeft-eye and 
right-eye signals, but this would seem to 
need two separate transmission chan¬ 
nels. 


The problem of compatibility 

The problem of compatibility can be 
examined at two levels. The first is to 
see whether the complete stereo picture 
can be sent over a normal transmitting 
channel. This has only been achieved 
for broadcast stereo sound by using 
wide band transmitters; but the number 
of television channels is so small, and 
the necessary bandwidth per channel so 
large, that one is reluctant to suggest 
the use of two channels for one stereo 
picture. A small group at the University 
of Hull has therefore been investigating 
the possibility of using the alternate 
frames of the standard interlace for left 
and right pictures*. One suggestion was 
that if the two images were presented 
on a common screen, the viewer’s eyes 
and brain might recognise their nature 
and use them as a pair of stereo images. 
Although this might happen with some, 
individuals, especially after training, it 
certainly did not happen with the 
observers who saw it for the first time, 
so this mode of presentation is consid¬ 
ered to be impracticable for general 
viewing. One is then forced to resort to 
crossed polarisation and “polaroid” 
spectacles to separate the two images. It 
may eventually be possible to present 
the images on a single tube with a 
polarising screen of the liquid-crystal 
type which could be switched elec¬ 
tronically; but the response time of 
currently known liquid crystals is too 
long, so at present one is obliged to use 
two separate picture screens 
(cathode-ray tubes), each having its 
own polarising screen. This is possible, 
using a half-silvered mirror to superim¬ 
pose the two images and “polarised” 
spectacles. It came to light that such an 
arrangement had been tried beforef and 
was alleged to cause some eye strain. 

In any case, it has not solved the 


*The idea arose in discussions with Mr V. A. 
Daniels and Mr B. Peers of the Audio-Visuai 
Centre, University of Hull. A small 
feasibility-study grant was given by the 
Science Research Council. 

t It is mentioned in a paper by J. F. Butter¬ 
field (reference 2). 


problem of compatibility at a second 
level, namely allowing the viewer with a 
non-stereo receiver to use the same 
programme. If he were to use one only 
of the images, he would be losing inter¬ 
lace; and although arrangements could 
be made to reconstruct the missing lines 
by correlation techniques (as proposed 
for bandwidth reduction in Viewphone) 
this would not represent true com¬ 
patibility since it would require sub¬ 
stantial alterations to receivers. 

It was therefore concluded that the 
use of alternate frames from the inter¬ 
lace was not an entirely satisfactory 
technique. A technique which does 
appear to work is that of halving the 
transmitted field of view and transmit¬ 
ting over any normal channel a stereo 
pair of half-width pictures. These two 
images appear side-by-side on the 
viewing screen and may be combined as 
a stereo pair by the crossed polarisation 
technique; or either can be viewed 
separately as a normal picture. The 
division into two half-sized pictures 
may be performed either optically or 
electronically^. Thus instead of using 
two complete communication systems 
for the two images, one has multiplexed 
a single communication system into 
two channels, each carrying only half as 
much information. Halving the width of 
picture may be too high a price to pay 
for stereo production in entertainment, 
though it is acceptable in some indust¬ 
rial applications. 

Other optical effects 
In entertainment television the real 
objective is to create an illusion rather 
than to allow the viewer to extract 
certain information analytically from 
the picture. If the 3-D problem is so 
intractable, can tv advance in any other 
directions and in particular can any¬ 
thing be learnt from developments in 
the cinema? The cinema tried 
stereoscopic presentation, e.g. by the 
red/green method, as a stunt but does 
not appear to have produced any nor¬ 
mal film in 3-D, neither feature nor 
documentary. (There is an obvious 
argument against its uses when making 
news films.) The visual analogue of 
“surround sound” was the all-round 
cinema, one of the few examples of 
which showed a US travelogue at the 
Brussels International Exhibition in 
1952. A small audience had to stand in a 
circular chamber while a number of 
projectors produced a 360° panoramic 
picture round the top of the wall. This 
was very impressive but clearly not 
practicable for commercial entertain¬ 
ment. The cinema adopted various ver- 


tThe optical method is used by 3-D Televi¬ 
sion Systems, Inc., of 4382 Lankershim 
Boulevard, North Hollywood, California, 
who offer a 3-D conversion kit for industrial 
closed-circuit television. The electronic 
method is described by K. Sunderland of the 
Electronic Engineering Department, Univer¬ 
sity of Hull (reference 3). 
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sions of wide screens in order to give a 
picture of greater appeal without going 
to 3-D; and perhaps part of the psycho¬ 
logical appeal of the cinema is its ten¬ 
dency to produce larger-than-life 
images, which is just the reverse of the 
small screen of television. Now if one is 
to maintain the standard of definition 
and brightness, an increase in field of 
view of the cinema picture requires only 
an increase in power of illuminant 
and area of film, together with an in¬ 
crease in size of camera lens to cover 
the wider film, all of which are subject 
to economic rather than technical con¬ 
straints. But in television the transmis¬ 
sion of more information to fill a wider 
picture needs more bandwidth, as well 
as modifications to both cameras and 
receiving equipment; and so long as 
we are concerned with broadcast tv, 
bandwidth is a rather scarce com¬ 
modity. If the Post Office ambition of 
having a wide-band channel to every 
household is ever realised, especially if 
the idea moves forward from coaxial 
cable to glass fibre, there will be band¬ 
width to spare for two-channel com¬ 
patible stereo and wide-screens. 

In the mean time, can nothing be 
done? Every photographer knows that 
lighting is of the utmost importance in 
producing what he calls “plastic” 
effects. Do television producers make 
full use of this factor? An argument for 
using an acoustically dead studio for 
sound is that the listener’s room will 
provide some reverberation; but there is 
no way in which this argument can be 
extended to vision. Mention of “plastic” 
effects serves as a reminder that 
emphasis of edges also enhances this 
effect. In normal television scanning, 
only vertical edges can be enhanced by 
differentiating the signal (or boosting 
the high frequencies) but anyone who 
has studied papers on the analysis of 
television signals in terms of picture 
differences must have been struck by 
the “bas relief’ effects which can be so 
obtained. 

A brief trial of this technique led to 
the conclusion that although it is of 
some value for “irregular” objects, such 
as human faces, its uses must be sever¬ 
ely limited if the picture contains 
straight vertical edges of any length. 
—Until someone invents a workable 
system of compatible 3-D television, the 
producers of broadcast television might 
give more thought to the production of 
illusions! 
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Breadboard survey — 1 

A look at solderless circuit construction aids 


EVER SINCE electronic circuits have 
not behaved as designers intended, 
“breadboards” or patchpanels have 
been built to quickly assemble, modify 
and dismantle circuitry. Over the years 
various commercial types have app¬ 
eared varying in style from a bare board 
sprouting with leads and “croc-clips,” 
to a panel two foot long and littered 
with enough readouts, switches and 
controls to confuse even the most sea¬ 
soned engineer. In the last few years 
several breadboard systems have been 
designed which are simple to use and 
can quickly pay their way in a work¬ 


shop. Although any system which 
allows components to be temporarily 
connected together can be called a 
breadboard, the more popular types 
have a number of standard features. 
The most important of these is the 
method of interconnection. A socket 
based system where components are 
plugged in is essential for good bread¬ 
boarding because the components can 
be quickly changed and used repeat¬ 
edly. Flexibility is also important so that 
different component types and sizes can 
be used on the same board. A third 
facility which makes for a good bread¬ 


[ ^ 0-3"or 0-6" J 




Fig. 1. Breadboard socket systems. 


board is the inclusion of power supply 
points or rails. 

Apart from these main features, there 
are several other points to consider 
before choosing a system. Size is 
important and this will depend on the 
flexibility of the breadboard, and 
whether it can be extended. Com¬ 
patibility must also be considered 
together with any accessories which 
can or have to be purchased. 

In general there are three types of 
breadboard currently available. The 
simplest types are breadboard blocks 
which are normally based on a matrix of 
sockets. These blocks will accept in¬ 
dividual components which are then 
interconnected by the sockets and 
supplementary wiring on the block. 
When the circuit has been completed, 
the components and wires are unplug¬ 
ged and can be used again. 

I he second group of breadboards are 
more elaborate assemblies, often com¬ 
posed of several blocks mounted on a 
base board, with the provision of power 
supply terminals and several supply 
rails. These systems often have 
accessory kits such as jumper leads 
which can save more time. The most 
elaborate breadboards systems are nor¬ 
mally housed in a purpose built case, 
and offer built-in power supplies, 
oscillators and other general purpose 
outputs which simplify circuit evalua¬ 
tion even further. Again, these complete 
systems are often based on individual 
breadboard blocks and can be used in 
the same way. 

The main problem with all solderless 
breadboards is the socket connection. 
Unlike i.c. sockets, which are only used 
a few times, the conductive contacts 
have to be robust enough to survive 
many operations, and always provide a 
reliable low resistance contact. To 
overcome this potential problem, 
several types have strips of contacts 
which can be replaced if a socket is 
damaged. This facility is very useful 
because a damaged or intermittent 
connection can waste more time than 
the breadboard will save. 

Breadboard blocks 
Euro Bread Board, see Fig. 2, measures 
92 X 82mm and follows the socket 
connection system of Fig 1(a). A single 
panel will accept 0.3 and 0.6in i.cs as 
well as most discrete components with 
leads of up to 0,85mm dia. A total of 500 






































































sockets are provided based on a 0.1 in 
matrix with four columns of 25 separate 
rows each containing five intercon¬ 
nected sockets. Four extra rows, each of 
25 sockets, surround the matrix and are 
used as power supply rails. The layout is 
designed to accept two rows of 0.3in i.cs 
and one row of 0.6in i.cs. All of the 
socket strips, which are replaceable, are 
double sided types made from nickel 
silver alloy and rated at lA. Contact 
resistance is specified as below lOmSl 
and the life is quoted as above 10,000 
insertions. 

Bim Board 1, see Fig. 3, measures 150 X 
50mm and follows the socket connection 
system in Fig. 1(a). The fayout will 
accept 0.3in i.cs, or 0.6in types by 
sacrificing some potential connection 
points. Most other discrete components 
can be accommodated with lead 
diameters up to 0.85mm. The block has 
470 main sockets in a 0.1 in matrix or¬ 
ganised in two columns, each of 47 rows 
containing five interconnected sockets. 
Two extra rows, each of 40 intercon¬ 
nected sockets, serve as power supply 
rails. The strips of sockets, which are 
replaceable, are double-sided types 
constructed from nickel silver with a 
contact resistance rating at lA of lOmfl. 
On the top of the board the matrix area 
has the columns and rows numbered 
and lettered for easier circuit construc¬ 
tion. The plastic moulding is provided 
with male and female connectors so 
that several boards can be locked 
together in an expanded system. A 
plug-in vertical panel is also provided 
for mounting external components. 

Super Strip, see Fig. 4, measures 165 X 
57mm and follows the pin connection 
system in Fig. 1(a). The layout will 
accept 0.3in i.cs, or 0.6in types by 
sacrificing some potential connection 
points. Most other discrete components* 
can be accommodated with lead 
diameters up to 0.181mm. The layout has 
640 main sockets in a 0.1 in matrix which 
is arranged as two columns, each of 64 
rows containing five interconnected 
sockets. Four extra rows, each with two 


strips of 25 linked sockets, provide eight 
power supply rails. The double-sided 
strips of sockets are available in nickel 
silver or with a gold plated finish. The 
blocks are supplied with a self adhesive 
backing compound for instant and semi 
permanent mounting. This backing can 
be peeled off to expose the socket 
strips which can then be removed. 
However, this is a sticky procedure and 
normally destroys the backing. Altern¬ 
atively, the block may be mounted with 
self-tapping screws which are supplied. 

S Dec, see Fig. 5, measures 114 X 76mm 
and follows the socket connection sys¬ 
tem in Fig. 1(b). The board is designed to 
accept only discrete components with 
lead diameter up to 1mm. The layout 
has 70 sockets arranged in seven rows 
each with two strips of five linked 
sockets. The double-sided sockets are 
constructed from brass, and are rated at 
5A. Each hole is numbered from 1 
through to 70 on the top of the board. 


An extension of this system, known 
as T-Dec, contains 208 contacts with 
alphanumeric labelling for the rows and 
columns. This board allows one i.c. to be 
plugged into the block via an adaptor. A 
further extension, known as |x-Dec has a 
similar layout, but allows two i.cs to be 
used either directly or by adaptors. 

A useful feature of all three versions is 
the availability of complementary 
printed circuit boards which reflect the 
layout of each board. This allows a 
breadboard layout to be transferred 
permanently to a p.c.b. 

Experimenter, see Fig. 6, type 300 
measures 152 X 53mm, and type 600 
measures 152 X 60mm. Both versions 
follow the connection system in Fig. 
1(a), and are designed to accept 0.3in or 
0 .6in i.cs together with most discrete 
components. The layout has 470 main 
sockets in a O.lin matrix organised as 
two columns, each of 47 rows con¬ 
taining five interconnected sockets. 
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Two extra rows, each of 40 intercon¬ 
nected sockets, serve as power supply 
rails. The strips of sockets, which can be 
removed by peeling off an insulated 
backing paper, are a double-sided type 
constructed from nickel silver alloy. 
The top of the block has the matrix area 
numbered and lettered, and the plastic 
moulding has a male and female 
locating groove on each side. This 
allows both types of block to be snapped 
together either side-by-side or side-to- 
end. For permanent mounting, the 
moulding is also provided with four 
screw holes. 


I.C. breadboards from Cambion are 
based on i.c. sockets and 0.040in jacks. 
Type 702 2 105 02 has four 18-pin 
i.c. sockets which are connected- 
to corresponding jack sockets. By using 
patch leads, connections are made bet¬ 
ween the i.c. pins. Power supply and 
ground terminals accept bare wires or 
spade connectors. Type 705 0369 01 
is a similar system measuring 165 
X 159mm, but with 16 0.3in i.c. sockets. 
Solder turrets are provided for input/ 
output and supply connections, and 
supply buses travel inbetween the rows 
of i.cs. Two other boards in this range 
accommodate 32 and 64 i.c. sockets. 

Alternatively, the three boards can be 
supplied with i.c. jacks instead of 
sockets. 


The Hirschmann Experimental Plate in 
Fig.7 follows the layout in Fig. 1(c). The 
board will directly accept most discrete 
components with lead diameters up to 
1.2mm and, via special adaptors, 0.3in 
i.cs. Interconnection of components is 
by special patch leads which are sup¬ 
plied in a kit. The plate has 1,128 con¬ 
nection points organised in six columns 
each with 47 rows of 4 interconnected 
sockets. The board is supplied with two 
plug strips which are used as power 
supply buses, and connect either 23 or 
24 rows of sockets together. 

The socket springs, which are con¬ 
structed from beryllium copper and can 
be either nickel plated or gilded, have a 
contact resistance of around 45mS2 for 
5,000 operations, and a current rating of 
lA. The moulding has the columns and 
rows lettered and numbered, and 
dovetail clips are provided on two sides 
so that several plates may be joined 
together. The plate also incorporates 
four 4mm sockets which can be used for 
input and output connections. 

A screw-fixed vertical panel is also 
available for mounting switches and 
potentiometers. Draft sheets are sup¬ 
plied which have a socket layout. This 
enables the constructor to draw 
circuit plan on paper before assembling 
the breadboard. 


Wonderboard is available in two sizes 
which measure 81 X 35mm and 81 X 
140mm. The layout will accept most i.cs 
and discrete components as shown in 
Fig. 8. The basic board contains six 


rows of 31 holes. These rows are spaced 
at 0.3in and the holes are filled with a 
conductive elastomer. 

Components are pushed into these 
contacts from the top of the board, 
while interconnection leads are used on 
the underside. Each contact can accept 
one component lead and up to six 26 
gauge wire contacts. Contact resistance 
is specified as lOmfi and the current 
rating is 7A, with a breakdown voltage 
of 9kV. Contact life is given as 150 
insertions in a temperature range from 
-55 to -t-100 deg C. Both sides of the 
board have the co-ordinates labelled 
with numbers and letters for easier 
wiring. The larger board is laid out as 
four standard boards side-by-side. 


The concluding article describes breadboard 
assemblies, and gives a list of suppliers 
together with prices. 


Fig.7 


Fig. 8 
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Stereo f.m. tuner — Mk II 


Alignment and printed circuit board layouts 


by L. IMelson-Jones, F.I.E.R.E. 


The main part of the design, a 
development of the author's highly 
successful tuner of 1971, appeared in 
the September issue (pp. 34-39). This 
concluding article gives the alignment 
procedure and also the layouts of the 
printed circuit boards. 

To align the circuit, disable the muting 
control RVj on the i.f. board by turning 
fully anti-clockwise, and then switch off 
the a.f.c. Set the tuner supply to -I- 12V 
using RV3, and switfch the a.f.c. on 
again. For alignment of the quadrature 
coil a broadcast transmission is needed. 
With the receiver tuned for maximum 
signal level output on the “signal level” 
pin of the i.f. board, adjust the quadra¬ 
ture coil for zero difference between the 
a.f.c. and a.f.c.-reference voltages. With 
a.f.c. off, slowly tune the receiver 
through the station and adjust the coil, 
if necessary, for equal peaks on the 
S-shaped characteristic. This procedure 
is only satisfactory for the single- 
tuned system, and a wobbulator must 



L 



Printed circuit board layout for power supply 
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be used for alignment of the double- 
tuned circuit. Next, set the a.g.c. level 
control RV,, CA3189E only, to give a 
satisfactory law for the signal-level 
meter. 

For the decoder the oscillator 
frequency is set on a stereo signal. 
Slowly turn the potentiometer on the 
decoder board until the l.e.d. lights, and 
continue until it goes out again. The 
correct setting is mid-way between 
these two points. If a counter-timer is 


available, set the frequency to 228kHz 
at the end of R2 adjacent to the poten¬ 
tiometer. 

The pre-aligned front-end needs only 
the i.f. coil adjusted to the frequency of 
the i.f. filter. Tune to a station and set 
for maximum signal-strength on the 
meter. Carefully adjust the core of the 
i.f. coil to peak this reading. The front- 
end tuning adjustments are marked, so 
that the complete alignment can be 
carried out if desired. Set the oscillator 



range to cover from 87.5MHz at + 1.5V 
tuning input, to 108MHz at -t-11.5V 
tuning input. Set the tracking by ad¬ 
justing the inductors at the 87.5MHz 
frequency, and the capacitors at the 
108MHz frequency. Only the inductors 
and capacitors of the aerial and r.f. 
stages are adjusted because the oscilla¬ 
tor is already set. For peaking the coils 
use the signal strength output or meter 
if fitted. Great care should be used when 
adjusting the coils because the ferrite. 
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Overall view of the first prototype tuner 


Printed circuit board layout for the i.f. circuit 


cores are delicate. The correct adjusting 
tool must be used at all times. 

The Toko screened coils are slightly 
sensitive to the presence of metal. It is 
therefore necessary to check the align¬ 
ment by removing the tool temporarily. 
This is especially important when set¬ 
ting the symmetry of the S-shaped dis¬ 
criminator characteristic. □ 
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NEW PRODLCTS 



Monochrome 

monitor 

Plessey has developed a high 
quality monochrome monitor 
which they say is particularly 
useful for computer v.d.us where 
high character-density displays 
are required. The suggested for¬ 
mat of 25 rows each with 80 cha¬ 
racters can occupy up to 90% of 
the screen area. The monitors, 
which are currently available 
with 12 or 15in screens, use 110° 
c.r.ts with a 1000 line centre, and 
800 line corner resolution. 
Linearity is 2% of raster height, 
and picture geometry has a 
distortion of less than 1.5%. Other 
ranges are available which 
operate from either a composite 
video signal, or from separate 
and sync at t.t.l. levels. Plessey 
Wound Products Ltd, Titchfield, 
Fareham, Hants. 

WW301 


Meter relay 

This edge type panel meter has 
two switchable transistor out¬ 
puts which are controlled by two 
opto-electronic detectors that 
can be adjusted over the full 
80mm scale. Two scale markers 
set the switching points while a 



third independent pointer gives a 
continuous visual readout. The 
unit measures 100 x 30 x 139mm 
and can be supplied with meter 
movements from lOO/xA f.s.d. 
Centrelco S.A., Case Postale 241, 
CH-1211 Geneve 26, Switzerland. 
WW302 


Dual output power 
supply 

The model HP-6234A d.c. power 
supply offers two independently 
adjustable and isolated outputs 
from 0 to 25V. Both outputs, 
which are automatically limited at 
0.2A, can be connected in series 
to provide up to 50V. Pushbut¬ 
tons select either voltage or cur¬ 
rent for each output, and two 
multiple-turn controls adjust the 
voltage. Regulation is quoted as 
within 0.01%, while ripple and 


WW304 

noise are said to be less than 
200fiV r.m.s. The mains powered 
instrument measures 90 x 155 x 
190mm, weights 2.3kg, and is 
priced at £112. Hewlett-Packard 
Ltd, King Street Lane, Winnersh, 
Wokingham, Berkshire RGll 
5AR. 

WW303 


Marker generator 

A battery-powered, crystal- 
controlled marker pulse genera¬ 
tor, the TE 5, from ALL-M Pro¬ 
ducts, provides markers at IMHz, 
500kHz, 250kHz, 200kHz, 

lOOkHz, 50kHz, 25kHz„ 20kHz 
and lOkHz. The unit contains a 
mixer and amplifier to provide a 
beat between an unknown 
frequency and the selected 
marker, the beat being presented 
on an oscilloscope screen or aud¬ 
ibly by earphones. Provision is 
; made for an external power sup¬ 
ply or the 9V internal battery can 
be used; current drain is around 
7mA. All-M Products Ltd, 3 
Westhill Close,' Highworth, 
Swindon, Wiltshire SN6 7BY, 
WW304 


Magnetic tape head 

The C44RPS02 magnetic tape 
head will enable an audio cass¬ 
ette recorder to simultaneously 
record or playback up to four 
channels. Each channel has an 
impedance of 90012 at IkHz and a 
head gap of around 1.5 microns. 
Playback frequency response at 
8kHz is 8dB ± 5dB. A bias current 
of 300|uA' of 50kHz is required, 
while the record current is 30fiA. 
Monolith Electronics Co Ltd, 5/7 
Church Street, Crewkerne, 
Somerset TA18 7HR. 

WW305 


Interference 

simulator 

The SG41 interference simulator 
can be used to measure noise 
immunity of digital and analogue 
instruments, or for testing elec¬ 
tronic. components. The unit, 
which simulates voltage peaks, 
spark interference, and static 
discharges, can be connected 
between the incoming power 
supply or mains, and the device 


under test. Voltage peaks from 
0.1 to 6kV can be simulated with 
an energy of two joules and a 
repetition frequency of 25Hz. 
Spark interference from 0.5 to 
3kV may be selected with a 
repetition frequency of 250Hz, 
and static discharges with an 
amplitude of up to 15kV may also 
be repeated at 250 per sec. Seltek 
Instruments Limited, Hoddesdon 
Road, Stanstead Abbotts, Hert¬ 
fordshire SG12 8EJ. 

WW306 


Universal meters 

The Meter Made range of move¬ 
ments has five basic versions 
with either edge or flat face dis¬ 
plays. The blank meters are sup¬ 
plied in a kit of three with a sheet 
of rub-down scales and legends 
which cover most standard and a 
few non-standard units. As well 
as the normal biased left move¬ 
ments, centre zero and double 
versions are available. Kit prices 
start at £7.50 from Ambit Intern¬ 
ational, 2 Gresham Roao, Brent¬ 
wood, Essex 
WW307 


Video a.-to-d. 
converter 

An 8-bit video a-to-d converter, 
type VADC820, developed by ILC 
Data Device Corporation, is cap¬ 
able of sampling at a 20MHz rate. 
The converter, which is compat¬ 
ible with NTSC and PAL 
standards, has been designed for 
digitising tv and radar signals for 
storage, measurement and trans¬ 



mission. The video track/hold 
input amplifier has a lOOMHz 
bandwidth, and its internal f.e.t. 
input can be terminated for any 
coax impedance. Peak signal/ 
r.m.s. noise ratio is specified as 
45dB minimum, and maximum 
linearity error is ±1/2 l.s.b. The 
circuit requires ±15V, -I-5V and 
-5.2V d.c., and the logic is t.t.l. 
compatible. Techmation Limited, 
58 Edgware Way, Edgware, 
Middlesex HA8 8JP. 

WW308 
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Crystal oscillators 

The frequency range of Vectron ■ 
oscillators CO-234, CO-238 and 
CO-239 is now extended to cover 
16kHz to lOOMHz (25MHz in the 
case of the 234). Initial frequency 
tolerance is ±0.005% or ±0.001% 
and the units work in the 0-70°C 
temperature range with a varia¬ 
tion of ±0.01% maximum. In¬ 
creased accuracy and stability is 
available, as are oscillators wor¬ 
king in the temperature range 
—55 to 125°C. Power required is 
5V at 15-80mA, depending on 
frequency. Package is either the 
d.i.l. type or a hermetically- 
sealed can. Lyons Instruments 
Ltd, HDddesdon, Herts. 

WW309 


Torque screwdriver 

A range of precision torque screw¬ 
drivers, manufactured in Swit¬ 
zerland, allow bidirectional 
movement through 270°. Six 
models give ranges from 20- 
lOOgcm to l-5kgcm with scale 
divisions ranging from 5gcm to 
250gcm. Each model has two 
scales for clockwise and anti¬ 
clockwise torques. A sliding 



pointer can either be positioned 
on the scale for a maximum tor-- 
que or moved by a spring move¬ 
ment to indicate the greatest tor¬ 
que applied through the screw¬ 
driver. SSIH ^uipment (UK) 
Ltd, Fimecor Division, 67-74 Saf¬ 
fron Hill, London ECIN 8RS. 
WW310 


Fan cooled s.m.p.s. 

A dual output switching power 
supply known as the MGD500, 
incorporates a fan cooling system 
which increases the power den¬ 
sity, and allows the unit to be 
mounted in any plane. The sup¬ 
ply has been designed for use 
with e.c.l. and offers two inde¬ 
pendently controlled outputs 
which track together and give a 
total output of 526W. Two d.c. 
outputs provide 5.2V, adjustable 
from 0 to 80A and 2.2V adjustable 
from 0 to 50A, with a common 
positive terminal. Regulation is 
said to be within 0.2% on both 
outputs and ripple is lOmV r.m.s. 
Dimensions for the unit are 127 
X 203 X 267mm. Gould Elec¬ 
tronic Components Division, 



Raynham Road, Bishop’s Stort- 
ford, Hertfordshire CM23 5PF 

WW311 


Illuminated 

microscope 

A miniature illuminated 
microscope from Intel Electronic 
Components is said to be ideal for 
the inspection and measurement 
of p.c.bs, components, and in¬ 
struments. The device is 125mm 
long and features a graticule 
which is calibrated in increments 
of 0.1mm, and with angles from 
30° to 90°. Magnification is x 20 
and illumination is by a standard 
bulb and two 1.5V batteries. Intel 
Electronic Components Ltd, 30/ 
50 Ossory Road, London SEl 
5AN 
WW312 


Frequency counter 

The 02 series of frequency 
counters from R.C.S. Electronics 
operate from either a mains or 
12V d.c. supply. Seven segment 
0.6in l.e.d. displays indicate 
frequencies up to 520MHz as well 
as average period and timer 
functions. Sensitivity is lOmV 
and the stability is around 3 parts 
in 10'“. R.C.S. Electronics, 6 Wol- 
sey Road, Ashford, Middlesex 
TW15 2RB. 

WW313 


when released. The stand meas¬ 
ures 315 X 115 X 150mm and has 
an integral fused and switched 
12V d.c. power supply, a low vol¬ 
tage lamp, and a high speed mo¬ 
tor mounted in an adjustable 
clamp. Throat depth is 168mm 
and each unit is supplied with 
X-Y locating jigs. Recom¬ 
mended retail price is £61 plus 
v.a.t. from Technomark, Allnut 
Mill, Church Road, Lower Tovil, 
Maidstone, Kent 
WW314 


Programmable pulse 
generator 

Models 1505 and 1506 are single 
and dual channel programmable 
pulse generators which have 
been designed for automatic test 
systems that require a fast rise 
time. The instruments feature 
e.c.l. drivers, and provide variable 
output amplitudes within ± 2.5V 
into 5012. All of the pulse 
parameters, except for rise and 
fall times, are programmable by 
several methods including the 
IEEE Standard 488-1975 digital 
interface, a 16-bit address and 
data bus, a serial ASCII format, 
and parallel programming. 
Microsystem Services, Duke 
Street, High Wycombe, Bucks. 
WW315 


Frequency doubler 

A passive frequency doubler 
from Racal-Dana enables the 
output of a 240 to 570MHz signal 
generator to be extended to 
above IGHz. The device, which is 
fitted with N-type connectors 
and measures 100 x 30 x 30mm, 
can be connected directly to the 
output socket of most signal 
generators in common use. When 
used in a 5012 system, the inser¬ 
tion loss is less than 13dB and the 
input v.s.w.r. is less than 2:1. 
Racal-Dana Instruments 
Limited, Duke Street, Windsor, 
Berkshire SL4 ISB. 

WW316 


Drill Stand 

This drill stand supports the mo¬ 
tor body on a cantilever spring 
system which, when depressed, 
switches the motor on, and off 


Miniature p.c.b. 
relay 

A p.c.b. mounting relay which 
measures 16 x 11 x 10.5mm has 
contacts rated at 0.5A lOOV a.c. 



WW314 



or lA 24V d.c. Coil ratings range 
from 1.5 to 24V at currents bet¬ 
ween 18.8mA and 300mA, while 
service life is said to be in excess 
of 5 X 10“ operations. Coil resist¬ 
ances range from 5 to 128012, and 
the maximum switching fre¬ 
quency is 1800 operations per 
hour. Operate and release times 
are both around 5ms and the 
insulation resistance is greater 
than 100M12. IMO Precision Con¬ 
trols Ltd, 349 Edgware Road, 
London W2 IBS 
WW317 


R.a.m. controller 

The 8202 i.c. from Intel is. a 
dynamic r.a.m. controller whicli, 
say the makers, allows a design^ 
to treat a dynamic r.a.m. in the 
same way as a more expensive 
static device. The i.c. can refresh 
a dynamic r.a.m. of up to 16K 
words without the need for ex¬ 
ternal drives, and will simult¬ 
aneously resolve demands for 
memory access and refresh. The 
8202 is compatible with Intel’s 
8080A and 8085A microproces¬ 
sors, and is capable of decoding 
the 8085A status lines. Intel Cor¬ 
poration (UK) Ltd, 4 Between 
Towns Road, Cowley, Oxford 
0X4 3NB 
WW318 


Interference filters 

A new range of filters for opera¬ 
tion at voltages up to 250V a.c. 
offers current ratings from 1 to 
30A. The JX5100 series is for 
general purpose applications and 
provides r.f.i. control of line-to- 
ground noise. Series JX5200 con¬ 
trols line-to-line interference as 
well as line-to-ground r.f.i., and 
series JX5300 offers an improved 
performance in low impedance 
applications. Sprague Electric 
(UK) Ltd, 159 High Street, Yiew- 
sley, W. Drayton, Middx. 

WW319 


Manual card reader 

Type MCM-105-1R is a hand- 
operated device for reading mag¬ 
netic cards. The reader, which 
has no moving parts, can accept 
cards at speeds between 75 and 
1500mm/s. Power requirements 
are 5V at 30mA, and the 
operating temperature range is 
from —15 to -1-50 deg C. The 
reader measures 120 x 40 x 
38mm, weighs 200 gm and is 
claimed to have a head life of at 
least 300,000 card operations. 
Roxburgh Electronics Ltd, 22 
Winchelsea Road, Rye, East Sus¬ 
sex TN31 7BR 
WW320 
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Issue No14 


Items listed here are just a 
sam'ple of the range of high 
q ua I ity test eq u i pme nt 


stocks. We cover all 
leading manufacturers am 
are constantly expanding 


HbpAINS 


TEST EQUIPMENT 


Carston Electronics Ltd 


MANUFACTURER TYPE No. DESCRIPTION 
Pressure & DisplacementTransducers 

Schaevitz P700 Pressure sensor. Gas & liquid pressures. 

Ranges ± 100 to 3000 PSI. 

Electro Mechanisms LVDT DC linear variable. 

Differential transformer. 

Displacement ranges ± 2.00 ± 5.00 
± 0.050 inches. 

Recorders & Signal Conditioning Equipment 


Six channel. 80Hz response. 

Ink writing. 10mV-10V sensitivity. 
Portable style. 

Si'xir. 0.4mV-4V/cm. 

Time base for7035B. 

0.2-20s/cm. 

Plug-in for 7100 series recorder 
temperature module for t'couples 
typed. K. R. S. T. 

6 channel U.V. Recorder with 
conditioning amplifiers. 1 mV -10OV input. 
700HzB.W.1 -30x10’p strain. 
120-350n. 

1‘2 channels. 1250mm/sec - 25mm/min. 
6'chart. U.V. Recorder. 
Galvo60Hz.3.7pA/cm. 

Galvol 600Hz. 2.5mA/cm. 

Galvo 300Hz. 50uA/cm. 

Galvo 300Hz. 50uA/cm. 

8 track tape recorder. 

7FM1DR J’tape30,15,1J 
I.P.S.DC-IOkHzFM 
30Hz-60kHzDR. 

RE551.20 X-Y Plotter A3. 

50pV - 500mV/cm sens on both axis. 

Time base fitted. 

Oscillostore 4 channel digital storage sytem 
with output to U.V. Recorder. 

Event marker max/min. 

Trigger levels. Auto trigger. 

(System capacity 8 channel U.V. 

Recorder included in price.) 


r 






. ::: .. 


We are pleased to announce 
our latest sales list. This 
contains our greatest ever 
range of test equipment and 
offers it for sale at the best 
prices on the market. We are 
also on the look-out to buy 
good quality test equipment. 
So if you have some for sale, 
let us know. Make certain of 
getting your FREE copy 
ofthe sales list now. 

Phone: 

01-267 4257 or 

Circle WW200 
for buying or selling 


Carston 
Electronics 
Limited 

Shirley House 27 Camden Road 
London NW1 9NR Telex 23920 


^ Prices and quality no one else can match. 

^ All equipment sold calibrated to manufacturers' specification. 
^ Full inspection may be carried out at our premises. 

Full handbook and circuit diagrams supplied with each item. 
^ Keenest prices offered for your own surplus equipment. 
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TOTAL AMPLIFICATION FROM CRIMSON ELEKTRIK 


PRE.AMPLIFIERS 


WE NOW OFFER THE WIDEST RANGE OF SOUND PRODUCTS — 
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1 -7 Harewood Avenue, Marylebone Road, London NW1. 
Tel: 01-724 2497 Telex: 21879 


FRANCE: Son Professionnel, 2 Rue des Tennerolles, 
92210 Saint Cloud (Paris). Tel; 602 6815. 
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WIRE WRi^PPING CENTRE 



DISTRIBUTORS 

WANTED*** 


ww—046 FOR FURTHER DETAILS 


QUALITY COMPONENTS BY RETURN 


geCDtlB 30p JJC131W 

CaSi8 'mp 


12Sp ^ 

lM3aON ^ TDA^20 ! 


TIP32 56p 2N2905A 2 




Carbon Film Raaiaton 

High stability, low noise. 0.25W 5% El 2 series from 4.7 ohms 

to 10 Megohms. Any selection 

each 100+ 1000+ 5000 

Ip 0.9p 0,8p 0.76p 

Special development pack of 10 of each value 4.7 ohms to 1 

Megohm, a total of 650 resistors . £5.70 

5K — 2M2 sin^ gang . 26p 

5K~2M2 single gang switched . 60p 

O.lWrating. 1CWohmsto2M . SpaatSi 

..ichvatuefrom 100ohmsto2M. 

_^_,^,.’50V PC mounting. Available from 22pFto 

lOOOpF in El 2 series and 1500pF to 0.047uF in E6 series 

0.01*'o.m6°ao”2,^a033^a047’'o%^ 0.1, Bp; 0.15, 

0.22, 7p: 0.33, 0.47, lOp; 0.68, 14p; 1.0, 17p; 2.2^ F, 28p 

Special development pack of 5 of each value £6.20 
Tantalum C^mcitora 

0 1.0.15,0.22.0.33,0.47,0.68. 1.0, 2.2 @ 35V . . 9p 

4.7(g>25V, 6.8and 10® 25V . I3p 

22@16V. 47@6V, 68@3V, 100®3V . 16p 

Development pack 5 of each value £8.30 
^Opaoalactronj^ Red Green Yellow 

0.125 in 9p 15p 18p 

0 2 in 9p 13p 18p 

Diaplaya DL707 90p DL704 90p 

OIL Sockets 

Spinllp 14pin12p 16pm13p 24 pin 30p 

Quantity ^scounts on a^ miK. TTL, CMOS “"d^Linear Circuits 

components guaranteed brand new and full specification from 
lAading manufacturers. Callers most walnome at our nremisaa 
.30am to 6pm Monday to Saturd 


C. N. STEVENSON (W1) 236 High Street, Bromley, Kent BRt 1PQ. Tel: 01-464 2951 /5770 
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The kits&bitsshow 
for the home 
electronics enthusiast 

Seventy stands packed with the gear that the home electronics 
constructor needs. From kits for keen youngsters just starting 
- to components for the dedicated enthusiast intent on building 
his own computer, it can all be seen and bought on the spot in 
the Seymour Hall this November. Browse through the range of 
instrumentation, test gear, components and circuit boards. Kits 
for making everything from an electric grandfather clock to an 
electronic organ. Build your own microprocessor, construct your 
own television games and choose hi-fi audio modules for the 
ultimate in sound! 

Watch the Demonstrations in adjoining halls — electronic projects 
brought to life by the experts — and a chance for you to try for 
yourself the latest ideas from manufacturers and journals. 

Competitions - Win a microprocessor kit - a frequency counter - 
a 'starter' kit for the kids — and many other daily prizes throughout 
the show. __ 

Open 10 a.m. — 7 p.m. daily. 

Entrance £1.00 adults, 70p students. 

Organised by Trident Conferences and Exhibitions Limited, Abbey 
Mead House, 23a Plymouth Road, Tavistock, Devon. PL19 BAD. 
Tel: 0822 4671 Telex: 45412 TRITAV. 

SeymourHall SeymourPlace LondonWI 

21-25 November 1978 



























































104 


HART 

ELECTRONICS 


Are proud to offer the only 
DESIGNER A PPRO VED kit for the 

J. L. Linsley-Hood High Quality 
Cassette Recorder 






KKS'S'SW.Wr" 

''SsF.“F“™-= 

'■tS!T.,T,Wr 


I Mill, Oswestry, Salop 



VyiRELESS WORLD, NOVEMBER 1978 















































WIRELESS WORLD, NOVEMBER 1978 


105 


LANGREX SUPPLIES LTD 

Climax House, Fallsbrook Rd., Streatham, London SW16 6ED 

RST Tel: 01-677 2424 Telex: 946708 RST 





































NEW STYLING 


NRDC-AMBISONIC UHJ 


^ A NROC~AI|:BJSONIC 

™ SwtTOucHl So««i* Oec*iw 


SURROUND SOUND DECODER 


The first ever kit specialy produced by Integrex for this British NRDC backed surround sound system which is the result of 7 years' research 
by the Ambisonic team. W.W. July, Aug.,'77. 

The unit is designed to decode not only UHJ but virtually all other 'quadrophonic' systems (Not CD4), including the new BBC HJ 10 input 
selections 

The decoder is linear throughout and does not rely on listener fatiguing logic enhancement techniques. Both 2 or 3 input signals and 4 or 6 
output signals are provided in this most versatile unit. Complete with mains power supply, wooden cabinet, panel, knobs, etc. 


Complete kit, including licence fee £45.00 + VAT 
or ready built and tested £61.50 + VAT 


INTRUDER 1 RADAR ALARM 


I With Home Office Type approval 

1 "Wireless World", designedby Mike Hosking, 240V ac mains operated and disguised 


hardbacked book. Detection range up to 30 

Complete exclusive designer approved kit £46.00 + VAT 
or ready built and tested, £54.00 + VAT 


Wireless World Dolby^oise reducer 


Trademark of Dolby Laboratories Inc. 




Typical performance 

Noise reduction better than 9dB weighted. 
Clipping level 16.5dB above Dolby level (mei 
at 1% third harmonic content) 


Featuring: 

• switching for both encoding (low-level h.f. compression) and decoding 

• a switchabie t.m. stereo multiplex and bias filter. 

• provision for decoding Dolby f.m. radio transmissions (as in USA). 

• no equipment needed for alignment. 

• suitability for both open-reel and cassette tape machines. 

a check tape switch for encoded monitoring in three-head machines. 


vel) at Monito 
ange >90db 


): 75dB (20Hz to 20kHz, signal 


Complete Kit PRICE: £39.90 + VAT 


Calibration tapes are available for open-reel use and for cassette (specify which) . Price E2.20-FVAT * 

Single channel plug-in Dolby® PROCESSOR BOARDS (92 x 87mm) with gold plated contacts are available with 

all components . .Price £8.20-I-VAT 

Single channel board with selected, fet ’. Price £2.50-1-VAT 

Gold Plated edge connector. Price EI.BO + VAT."* 

Selected FETs 60p each-FVAT, lOOp-t-VAT for two, E1.90-FVAT for four 

Please add VAT @ 1 2V2% unless marked thus*, when 8% applies (or current rates) 


We guarantee full after-sales technical and servicing facilities on all our kits, have 
you checked that,these services are available from other suppliers? 


mjE. 


INTEGREX LTD. 


Please send SAB for complete lists and specifications 

Portwood industrial Estate, Church Gresley, 
Burton-on-Trent, Staffs DE11 OPT 
Burton-on-Trent (0283) 215432 Telex 377106 
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S-2020TA STEREO TiJNER/AMPLIFIER KIT 


SOLID MAHOGANY CABINET 


Brief Spec. Amplifier Low field Toroidal transformer, Mag, input. Tape In/Out facility (for noise reduction 
etc.), THD less than 0.1 % at 20W into 8 ohms. Power on/off FET transient protection. All sockets, fuses, etc., are PC 
mounted for ease of assembly. Tuner section uses 3302 FET module requiring no RF alignment, ceramic IF, 
INTERSTATION MUTE, and phase-locked 1C stereo decoder. LED tuning and stereo indicators. Tuning range 
88 —104MHz. 30dB mono S/N @ )I .2 mV. THD 0.3%. Pre-decoder birdy' filter. PRICE: £58.95 + VAT' 


A high-quality push-button 
FM Varicap Stereo Tuner combined 
with a 24W r.m.s. per channel Stereo 
Amplifier. 


NELSON-JONES MK. I STEREO FM TUNER KIT 



A very high performance tuner 
with dual gate MOSFET RF and 
Mixer front end, triple gang 
varicap tuning, and dual ceramic 
filter/dual 1C IF amp. 


Brief Spec. Tuning range 88 —104MHz. 20dB mono 
quieting @ (p.75/uV. Image rejection — 70dB. IF rejection 
- 85dB. THD typically 0.4%. 

1C stabilized PSU and LED tuning indicators. Push-button 
tuning and AFC unit. Choice of either mono or stereo with 
a choice of stereo decoders. 


Mono £32.40 + 
With ICPL Decoder £36.67 +VAT 
With Portus-Haywood Decoder 


Compare this spec, with tuners costing twice the price. 


£39.20 + VAT 



Sens. 30dB S/N mono @ 1 .2 mV 
THD typically 0.3% 

Tuning range 88—104MHz 

,LED sig. strength and stereo indicator 


I Please send for details of the Nelson-Jones Mk. II Kit as in this month s W.W. | 

STEREO MODULE TUNER KIT 

A low-cost Stereo Tuner based on the 3302 FET RF 
module requiring no alignment. The IF comprises a ceramic 
filter and high-performance 1C Variable INTERSTA TION MUTE. 

PLL stereo decoder 1C. Pre-decoder ‘birdy’ filter 
Push-button tuning 

PRICE: Stereo £31.95 +VAT 



S-2020A AMPLIFIER KIT 

Developed in our laboratories from the highly successful 
“TEXAN" design. PC mounting potentiometers, 
switches, sockets and fuses are used for ease of 
assembly and to minimize wiring 
Power 'on/off' FET transient protection. 


Typ Spec. 24-F24W r.m.s. into 8-ohm load at less than 0.1% THD. Mag. PU input S/N 60dB. Radio input S/N 
72dB. Headphone output. Tape In/Out facility (for noise reduction unit, etc.). Toroidal mains transformer. 

PRICE: £33.95 + VAT 


ALL THE ABOVE KITS ARE SUPPLIED COMPLETE WITH ALL METALWORK, SOCKETS, FUSES, 
NUTS AND BOLTS, KNOBS, FRONT PANELS, SOLID MAHOGANY CABINETS AND 
COMPREHENSIVE INSTRUCTIONS 


BASIC NELSON-JONES TUNER KIT E14.28-I-VA1 PHASE-LOCKED IC DECODER KIT £4.47-t-VAT 

BASIC MODULE TUNER KIT (stereo) E16.75-FVA1 PUSH-BUTTON UNIT . E5.00-I-VAT 

PORTUS-HAYWOOD PHASE-LOCKED STEREO DECODER KIT .. E8.00-FVAI 































































































































SERVICE TRADING CO 


GEARED MOTORS 

100 R.P.M. 115 lbs. ins.!! 
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240 A.C. SOLENOID OPERATED , . 

°pm?E S VAT a. P). 



RELAYS 
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Tel. 727 5641 Telex 261306 


SPECIAL OFFER OF BRAND NEW USSR MADE MULTIMETERS 
VALID UNTIL 30th NOVEMBER 1978 
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/Marshalfe 


(^aate ^ne(nt"cCe4xi 

Call in and see us 9-5.30 Mon-Fri 9-5.00 Sat 
Express Mail Order Tel. orders on credit cards £10 min 
Trade and export enquiries welcome 


A. Marshall (London) Ltd.. Dept: WW Head Office mail order: Kingsgate House, Kingsgate Place. NW6 4TA. Tel. 01-624 0805 Retail Sales 
• - - 40-42 Cricklewood Bdwy., NW2 3ET. Tel. 01-452 0161/2. Telex: 21492 London: 325 Edgware Rd., W2. Tel. 01-723 4242. 

85 West Regent St., G2 2QD. Tel. 041-332 41 33. Bristol: 1 Straits Pde., Fishponds Rd.. BS1 6 2 LX. Tel. 0272 654201. 


POPULAR INTEGRATED CIRCUITS. (A very small selection 

from our vast stocks, please enquire about devices not 
listed.1 


f JJ 




LM37eN 2!40 
LM380N8^o!96 

LM381N^ i!89 


LM3909N 0.: 


TBA500Q 2.34 


TBA5600Q 
TBA570Q 2!] 
TBA720AQ*'^ 


CORRECT AT 29.9.78 


Our range covers over 8,000 items. The largest selection In 
B ritain. Top 200 ICs, TTL, CMOSj^ LIWEARS 


★ MAIL ORDER ★ 


RAM tU^ TRI8TATE BUFFER 8080 

5TdT-2 £343 1702AQ £8.10 6M81 L595 £148 8URRORT 

2102-2 £1.94 5204Q £11.00 DM81L596 £1.38 BiU £4.88 

2111- 2 £343 2708Q £13.00 DM81L597 £1.38 8228 £845 

2112- 2 £343 2716 £40.00 0M81L598 £1.38 8212 £3.10 

2t?6 EM48 VAT INCLUSIVE PRICES HH £^80 




rTRAirC QCD.1 

GENERAL COVERAGE RECEIVER 
0.5-30MHZ 30 BANDS 
10KHZ READOUT 

£1 49 85 BARCLAYCARO 

AS WELL AS DRAKE EQUIPMENT. V 
RTTY AND MICROPROCESSORS, ATL 
PROFESSIONAL FIELD STRENGTH METERS. I- 
HY-GAIN. CDR ROTORS, HUSTLER. OMEGA-T SYSTEMS, MFJ FILTERS AND 
SPEECH PROCESSORS. SUPEREX WE ALSO STOCK SHURE MICROPHONES. 
YAESU, MICROWAVE MODULES, SOLID STATE MODULES, ICOM, COPAL 
CLOCKS. G-WHIPS. BANTEX. MOSLEY, OAIWA, ASAHI, JAYBEAM, DECCA AND 
THE USUAL ACCESSORIES-COAX, CONNECTORS. INSULATORS, VALVES, Etc. 




RADIO SHACK LTD. 

^188 BRO^ADmJRST GARDENS, LONDON NW6 3AY 



Light on the 

Local lighting just where 
I you want it with Click's 

I elegant, adjustable Spotlight 

I or snake-arm Reading Lamp. 

I Tidy wires. 

■ With Click you can hide all 

■ leads and wires inside the 

I with a neat, snap-in cover 

■ 

I Keeping it steady. 

■ With shelves fixed firmly to 
P the wall, you eliminate floor 
I vibration problems. 

I 

I Finding a 

• Click brackets are 

• infinitely adjustable 
I for height so you 
I can always get your 
_ shelves level. 


S Shelving for hi-fi. 

■ We’ve solved the problems. 


I Post this ad. with your name and address for 

I alO-page leaflet to Click Shelving Ltd. 

I Lowrpoor Rd, Kirkby in Ashfield, Notts, NG17 7LH 


ft 



















































REALIY 

Read anyy good OSCILLOSCOPES lately? 



Now... 
the next 
generation of 
bench DM Ms! 

Two New Keithley Models offer uncomprorhising 
performance and outstanding value! 

• Accuracy SVi's can't match 0.04% + 1 digit on dc 
volts and ohms 

• Large, bright, 20,000-count LED display that's quick 
and easy to read. 

• Convenient bench size that won't get "lost" yet 
doesn't crowd. 

d Exceptional reliability. 


offers functions and ranges for 
most measurement needs 10Oji V to 1200V 
dc, lOOuVto lOOOVac, 0-10to20MQ. 

Model 179 is a full-function, multi-feature model 
offering the same advantages as the 1 78. Plus 
TRIMS AC: lOpV Sensitivity: Hi and Lo Ohms: AC and DC 
Current Yet it's still half the price you'd expect. Only £1 99. 

Both models feature designed-in reliability 

Rugged circuits use a minimum of parts — high quality, off-the-shelf 

parts — carefully assembled and tested by Keithley. 

Outstanding overload protection and rugged mechanical design keep 
both units going even after severe abuse. One-year accuracy 
specifications minimise recalibration costs. 

A battery option, user installable, gets you off "line" for critical 
measurements or for field use. 

For complete specifications on the 178 and 179, call Keithley 
Instruments, 1 Boulton Road, Reading. Phone 0734 861287 


KEITHLEY 


The measurement engineers. 


WW—057 FOR FURTHER DETAILS 




























































































































































SEMICONDUCTORS 



DEPT. WW.11. P.O. BOX 6. WARE, HERTS. 

SHOP 18 BALDOCK ST., WARE, HERTS. 

AT 0PEN9to5.30M0N.-SAT. 

















































































0 ^. 



CA^S?'^ 


40pEach 3 For £100 


215 WHITEHORSE LANE LONDON SE25 TEL 01-771 2027 

All prices inclusive of V.A.T. Cash with order, Minimum order 
value £1,Q0. Postage quoted for UK only. Export and trade 
enquiries welcome. Orders despatched same day where 
possible. Callers welcome, but by appointment^lease___ 


WW—127 FOR FURTHER DETAILS 


Top: The Signalmaster Mk8 Lower: The Audiomaster amplifier 





Larsholt Electronics 


Price inc VAT 
Audiomaster £i 


Signalmaster £97.35 
9.80:the pair £165 


matched Pair 

The Audiomaster 25+25W rms amplifier, 
and the matching Signalmaster Mk.8 FM 
tuner, are fine examples of Larsholt's 
long experience in producing electronic 
kits that are neither insulting to the 
most experienced constructor, nor are 
they baffling to the beginner. 

We unhesitatingly recommend them 
on the grounds of style and performance. 

ex-Stock from: carriage £3 

Ambit international, 

2 Gresham Road, Brentwood, 
Essex, telephone (0277)216029 


WW—077 FOR FURTHER DETAILS 

































































Are you 
legal, 
decent, 
honest and 
truthful? 

Advertisers have to 

The Advertising Standards Authority 

Write to The Advertising Standards Authority 


^Cassette copiers 
^ from PENTAGON 

Simple operation-fully automatic16times speed 
Choice of one or three copies. C32/34’— 
outproduces all other makes—75 C60 per hour.' 
■Budget Price from £587 + VAT 



Model 

C-1- 

Mono 

C4- 

Stereo 


PENTAGON f 


ilTA 


1-7 Harewood Avenue, Marylebone Road 
London IVW1. Tel. 01-724 2497. Telex: 21879_ ) 


8 FOR FURTHER DETAILS 
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WIRELESS 

WORDS 


SEMICON INDEXES 

(International Semiconductor Device Data) 


RADIO COMMUNICATION HANDBOOK (Sth edn) 

comprehensive guide to the theory and practice of amateur radio takes the 
reader from first principles right through to such specialized fields as radio 


announce 

THE NEW VOLUME 3 


"fly today's standards it represents excellent value for money" 
(Electronics \Afeekly on Vol 1) 

Vol 1: 480 pages: hardback; 248 by 183mm; £8.39 (£9.36) 

Vol 2: 336 pages; hardback; 248 by 183mm; £7.25 (£8.12) 


1C INDEX 


This new volume follows the now well established 
format of the International Transistor Index and 
the Diode/SCR Index but in loose-leaf binder easily 
updatable form. There are over 25,000 entries of 
analogue and digital devices of international origin 

SEND FOR DETAILS TO-DAY 

SEMICON INDEXES LIMITED 

7 KING'S PARADE, KING'S ROAD, FLEET. Hants. GU13 9AB 
Tel: 025 14 28526 Telex: 858193 (Barmer G) 

WW — 092 FOR FURTHER DETAILS 


RADIO DATA REFERENCE BOOK (4th edn) 

T. G. Giles and G. R. Jessop 

Presents a wide range of useful reference material, mainly in the form of 
curves, charts and tables, with only sufficient text to permit its effective use. 

200 pages; hardback: 223 by 140mm; £3.00 (£3.65). 


VHF/UHF MANUAL (3rd edn) 

D. S. Evans and G. R. Jessop 

The standard textbook on theory, techniques and 

radio transmission and reception at frequencies fron 


". . . it very reasonably suggests that it contains in format 
to be of value to the professional engineer" 

(Radio and Electronic Engineer, 1E R E) 

416 pages; hardback; 248 by 183mm; £5.90 (£6.82) 


All titles published by RSGB. Prices in parenthesis included postage 
packing. Send for a complete list of RSGB publications 


RADIO SOCIETY OF GREAT BRITAIN 


35 Doughty Sweet. London WC1N 2AE. Tel: 01-837 8688 
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Model 146 

VERY LOW DISTORTION 

(.0015%) 

AUDIO SIG: GENERATOR 

Based on 

J. Linsley Hood design (W.W.) 

£35.00 

(Kit. £30.00) + tax 8% 


Low cost version (A0113) .02% dist. (Kit. £22). Other instruments 
include: Millivoltmeter, Tachometer, Noise level meter. 

Analyser, F.M. Sig. Gen. Crystal Frequency Stanr 
Speaker Units. Send S.A.E. for lists. VAT extra 8%. 

£1.50. 

TELERADIO ELECTRONICS 

325 Fore Street, Edmonton, N.9. 01-807 3719 

Closed all day Thursday 


15 FOR FURTHER 








THE MOST COST EFFECTIVE FREQUENCY COUNTERS AND G 

ENERATORS 

OFF/AIR FREQUENCY 
STANDARD TYPE 103 

10MHz, 1MHz 

, Stability 1 part 10® £104 

Type 102 Crystal Frequency 
Standard 10MHz, 1MHz, 
lOOKHz 

Stability 5 parts 10'® £104 

COUNTER 

TVPE801B 

301M ■ 32MHz60iqit £98 401A 32MHz 6 OigitCISS 

SOr 32 MHz 8 Digit £192 701A S0MHz8Digit£210 

. a018/M 250MHz 8 Digit £280 901M ^ 

Memory versions available if not lOOIM 1.2GHz 8 Digit £670 

; suffixed M £30 extra Stert/Stop versions Pius £18 , 

LOW FREQUENCY 
GENERATOR TYPE 203 £78 
DISTORTION .03% 
Amplitude Stability 0.1 % 
SINE AND SQUARE 

WAVE FORM 

10Hz to lOOKHz 


mz 


.C.S. ELECTRONICS, 6 WOLSLEY ROAD, ASHFORD, MIDDX. ASHFORD 53661 
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AUDIO KITS OF DISTINCTION FROM 


imim 


DE LUXE EASY TO BUILD LINSLEY-HOOD AMPLIFIER 

AVAILABLE AS SEPARATE Pf 


£99.30 



;K PKICEt rOR •TRNOARD KIT 


SPECIAL PRICE FOR COMPLETE KIT £79.80 
WIRELESS WORLD FM TUNER 


AVAILABLE AS SEPARATE PACKS - PRII^SW OUR FREE CATALOGUE 


LINSLEY-HOOD CASSETTE PICK 






SPECIAL PRICE FOR COMPLETE KIT £70.20 

^ Prici Pick ErtM 

1 stirn pa hcammiiiit 2 rfi Mm 2 Ktlif 10 Sil al capacltori. ricllllira. I.C. «alligt ngalalar 

•AM kte/Rua asc. ralayl £3.35 P.C.B. lar paaiar sawly (Pawartraa aaslga) £2.30 


14. Hl^h Ou 


I. lixlag hR>' alk £7.'0 

.£0.25 

nar ubiaat 1S.3" 1 12.7“ > 

.£10.70 


SPECIAL PRICE FOR COMPLETE KIT 


£79.60 


Published in Wireless World (May, June, August 1878) by Mr. Linaiey-Hood, ihisttasion. a 
performance. To permit circuit optimiiation sepaTA)^ record .nd replev empMieis u Wd, tl 
of the tape background. Pushbutton switches are used to provide a choice of equeAgSten time 
microphone use. The mechanism used is the Goldring-Lencb CRV, a unit distineuWmd in its 
implemented by electronic circuitry This unit which ts powarpdby a toroidal WatSlt^at and l 
and the Linsley-Hood 75 Watt Amplifier Circuil changes as published in Febnidry. 1078. f 
(Matsushita WY 436 AZ head as recommended m the follow-upa(ticle) is offereda^'andpnona 

T20 + 20andT30 + 30 
20W, 30W AMPLIFIERS 







SPECIAL PRICES FOR COMPLETE KITS 
T20-I-20 KIT PRICE £33.10 

T30-I-30 KIT PRICE £38.40 

AVAILABLE AS SEPARATE PACKS - PRICES IN OUR FREE CATALOGUE 

POWERTRAN SFMT TUNER 



SPECIAL PRICE FOR COMPLETE KIT £47.70 

AVAILABLE AS SEPARATE PACKS - PRICES IN OUR FREE CATALOGUE 


PRICE FOR COMPLETE KIT £35.90 

AVAILABLE AS COMPLETE KIT ONLY 


equipment. A phase-locked-loop is uset 


EIRE GRENADA SAUDI ARABIA NEW ZEALAND NORWAY SINGAPORE ICELAND SWEDEN MALAYA INDONESIA BRAZIL SWITZERLAND ZAMBIA GIBRALTAR CHILE SPAIN 

































iiwiiu 


800W peak! 


400W rms continuou 
0.03% THD at FULL 
PLUS all the followir 


too! 




FOR 


TRANSOiNdENT 2000 

SIN^ BOMOfTNTHESIZER 

As featured in Oirttronlcs fMbf hmmational (July, August 197 


SB=si===:-: 

ii^is 




rE? 00 Td“ 7 S?., 


COMPLETE KIT 


ONLY £172.00 ! 


_::J! 


wm.r- 

ill's?-”” sis IsTSS’w 

0?de™orXus dfln on 


mmi 


Si^SSSSS 


:rK^:cuS^;5:ar^i:d 


i 


:“S=E“=S“ i 

powertran electronics : 

;Mooo„ec.vou,.,..™n,.he.ac.ory,ca,l PO RTWAY »N D USTRIAL ESTATE ANDOVER ? 

:.ocv, Open 9 a 0,-4 30 pm Monday. AN DOV^ HANTS SP 1 0 3N N (0264)64455 > 
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Electronic Brokers lU 

ne M [qaipttWBt People 


AG Voltmeters 
& Electronic 
Moltimotors 


BOONTON 

?^o”oM"H;ro-i;-3"osr*’''So 


JEL& 


v"or,afe?n/!rurn?" 


Analogne 

Moltimoters 


C VC.s . a.ps^40K 


Analysers 


RACAL 

409 Modulation Motor 3-1 

ROGERS/SIGN 

DM.344 Distortion Motor ^ 

TEKTRONIX 




Attennators 





Calibration 

Eqoipment 


ELECTRONIC BROKERS LIMITED add8% 
49-53 Pancras Road, London NW1 
Tel. 01-837 7781. Telex: 298694 

Hours of Business: 9 a.m.-S p.m. carriage 
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STOP PRESS 


connni massive bulk purchase brings you 

OUUUl ! HAZELTINEVDUs AT LOWEST EVER PRICES 



BIG SAVINGS ON OUR 


’ LARGE STOCK OF 
PROCESSORS, PERIPHERALS 
AND ADD-ON MEMORY 



DD11A 4 SPC-slot bi 
DRUB DMAIntertac 
PC11A H,gh.,peedp 


PR 11 Hlgh.spe.< 

RT01AB Num 




LARGE STOCKS OF ASR33 
AND KSR33 TELETYPE 
TERMINALS 

paporfeed) 



DEC LA30 80-column 
DEC writer 

39 cps KSR Terminal w 
Interface £575. 


Keyboards 


MODEL KB756 





FANTASTIC VALUE AT £60.00 


re, spare ROMs. Send for data sheet/price list. 


All items quoted are refurbished 
second-user equipment uniess other¬ 
wise stated 


ELECTRONIC BROKERS LIMITEO (COMPUTER DIVISION) 

49-53 Pancras Road, London NW1 2QB. Tel. 01-837 7781. Telex: 298694 


Hours of business: ADD 8% VAT 

. 9 a.m.-5 p.m. Mon.-Fri. Closed lunch 1-2 p.m. tD ALL PRICES 

WW—132 FOR FURTHER DETAILS 


Carriage & Packing charge extra 
on all items unless otherwise stated 
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THE NEWBEAR COMPUTING STORE 

TKa Raar annminrAC ite npiA/stnrA At- CampI Caw Aiiw MAiAf If AlfK I iotol 


2 GmEY ROAD, CHEADLE, CHESHIRE 
Tel. 061-491 0134 

Callers welcome, mail order to Newbury 


W+itIVibv 


»t. UHP modulator and ASC11 



Send for our new Keyboard Lists! 

MEMORIES 


MOTOROLA MICROCOMPUTING ICs 

MC6I2OP £*!•* MC683017 £11.: 

MC6850P £8.00 MC8602P £2.1 

MC68t0AP £3.81 MCt4636P 



Irf I 



SYM-1 


(FORMERLY VIM-1) 

lew 6502 based Micro from Synertek. Fully 
nbled and tested. £199.00 plus 8% VAT. 
'Carriage Cl .00. Send for data sheet. 





A ONCE ONLY 
FANTASTIC OFFER 

THE AMAZING 8301113 


Learn to understand 

electronics 

for your hobbies 



WHILE STOCKS LAST 

Just send your Cheque or P.O. to: 


QUALITY ELECTRONICS LTD. 

24 HIGH STREET, LYDD. KENT TN29 9AJ 
(TEL. 0679 20252) 

OR TELEPHONE US YOUR ACCESS NO. 

WW — 064 FOR FURTHER DETAILS 


1. Learna-Kit course 

Step by step, we take you through all the f unda- 

subject can be mastered. 

(1) BUILDA 

(2) READ, DRi 

CIRCUIT D . ._. 

(3) CARRYOUT OVER 40 EXPERIMENTS 
ON BASIC ELECTRONIC CIRCUITS AND 
SEE HOW THEY WORK. 


2. Become a Radio-Amateur 



the G.P.O. licence. 
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1^8-digit universal 
counter-timer 

The ultimate in low cost high 

This am^gly versatile new module will count: accuracy measurement 








QDMPE0^~ 

Olympia, London, England. December 5, 6 and 7 

from 10 am each day 

BRITAIN’S MAJOR SPECIALISED EXHIBITION OF COMPUTER 
PERIPHERALS, SMALL BUSINESS SYSTEMS AND MINI AND 
MICROCOMPUTERS, NOW IN ITS EIGHTH YEAR, IS MORE 
COMPREHENSIVE THAN EVER, WITH 200 EXHIBITORS 

Compec 78 is a full registration tickets will be sent free of charge 
exhibition, and the entrance and registration if the application form below is received 




ENooiRiEs SOTACOMMUNIC^A^^^^ 
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fl reprints 

If you are interested in a particular article/ 
special Feature or advertisement published in 
this issue of 

WIRELESS WORLD 

why not take advantage of our reprint service. 
Reprints can be secured at reasonable cost to 
your own specifications providing an attractive 
and valuable addition to your promotional 
material. (Minimum order 250.) 



For further details contact 
Brian Bannister, IPC Electrical-Electronic Press 
Ltd. Phone 01-261 8046 or simply complete 
and return the form below. 

To Brian Bannister, Reprints Department 
Dorset House, Stamford Street 
London SE1 9LU 

I am interested in .copies of the article/ 

advertisement headed .featured in 

WIRELESS WORLD 

on page(s).... in the issue dated . 

Please send me full details of your reprint service by 
return of post. 

Name . 

Company . 

Address . 


Tel. No. 







+ VAT £4.37 

CT SUPPLIES (W/W) 



WEsWoNDON DIRE' 


ANY MAKE-UP OR 
COPY QUERIES 
CONTACT 
JOHN GIBBON 
OR TONY PAYERS 

01-261 8353 


WW — 134 FOR FURTHER DETAILS 
















































TERMINAL 

BARGAINS 


ITEL Model 1041 

laagrT” 

★ IBM GOLFBALL Typewriter 

★ RS 232/V24 Interface 

★ Full upper/lower case character set 

★ Ex-demonstration, so almost unused 

★ Works as stand-alone typewriter 

★ Full technical information available 
■k £250.00 

TELETYPE Model KSR 33 

OLIVETTI Model 318/328 

Suitcase-sized version with case and line 

offered UNTESTED to clear stock at 

unit by MOORE REED. With RS 232 

£175.00. Featuring; 

interface. 

★ ASCI 1 coding 

In first-rate condition with very low 

★ Paper tape reader and punch 

hours, £225.00. 

★ TTY compatible interface 

(Other TELETYPE Models available) 

★ Correspondence-quality upper/ 
lower case 

COMPUTER APPRECIATION 


WW — 123 FOR FURTHER DETAILS 



S0nilJ3 from: Qi 




R.F. IMMUNITY 

Si 

ilii 


VORTEXIOIM 

a happy 
event... 



The other members of .... - . 

2000, 50/70 watt and CP50 mains/battery amplifiers. 
Contact Jennifer Hall - VORTEXION DIVISION. 

Clarke & Smith Manufacturing Co. Ltd., Melbourne Works, 
Melbourne Road, Wallington, Surrey. Tel. 01-669 4411 Ext. 
38. 

Telex Casint G 22574; Telegrams; Electronic Wallington. 


R FURTHER DETAILS 
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n^n THE NEWBEAR 
K I I S . COMPUTING STORE 

SYSTEMS 
S-100 bus. 

Cromenco Z-2 Kit 
(C P U & Card Frame 
Z-80 Based) £ 395.00 
Bytesaver program¬ 
ming board kit (270B) 
£ 95.00 

TU-ART Interface kit 

£ 130.00 

1 6K Byte Dynabite 
RAM card (fully tested) 

£ 415.00 

North Star Mini Floppy 

Kit £ 490.00 


SYM-1 

(FORMALLY VIM-1) 

The new 6502 based micro from Synertek. 

♦ 4K byte ROM Monitor 

★ 1 K RAM on board expandable to 4K with sockets provided 

* Fully expandable 

Send for data £199.00 

*8SW^Tn7THtems" 

For demonstrations: 

Southern England: Phone 0635-46898, or call at: 
Newbear Computing Store, 7 Bone Lane, Newbury 
Berkshire 

Northern England: Phone 061-491 2290, or call at: 
Newbear Computing Store, 2a Gately Road 
Cheadle, Cheshire SK8 1PY 
N.C.S. is a division of Newbury Laboratories Ltd. 





LEKTROKIT 


completes the circuit 


See Lektrokit at one of the Lektrokit 
dealers near you. There’s bound to be one - 
they’re springing up everywhere. Send for 
the name of your nearest - plus FREE full- 
colour catalogue- to: 

Lektrokit Ltd., Sutton Industrial Park, 
Earley, Reading, Berks RG6 lAZ 
Telephone 0734 669 116 


Build any Project-Fast and Easy 

It’s the new deal for project builders from Lektrokit! A complete new 
range of breadboarding and testing devices. At prices anyone can afford. 
For any project anyone could want to build- from one-chip simplicity 
to 1,000-chip complexity. 

It’s fast and easy project building, too. You simply push 
components in and pull them out. No soldering, no de-soldering, 
no chance of heat damage. You can make design changes 
instantly, keeping full leads on components. 

In fact, with Lektrokit, you can build a project as fast as you 
used to sketch a layout. And a lot more easily. 


WW—033 FOR FURTHER DETAILS 
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This third book in Wireless World’s 
popular series will be welcomed by all 
concerned with designing, using and 
understanding electronic circuits. 

It comprises information previously 
included in the third ten sets of 
Wireless World’s highly successful 
Circards — regularly published cards 
giving selected and tested circuits, 
descriptions of circuit operation, 
component values and ranges, 
circuit limitations, modifications, 
performance data and graphs. 

The book follows on from Circuit 
Designs Nos. 1 and 2. It is magazine 
size in hard cover and contains ten 
sets of Circards plus additional 
information and an explanatory 
introduction. Like its predecessors, 
it may soon be difficult to obtain, 
so you are advised to order your 
copy without delay. 

Voltage to frequency converters. 
Amplitude modulators. 

Reference Circuits. 

Voltage regulators. 

RC oscillators—part 1. 

RC oscillators—part 2. 

C.M.O.S.—part 1. 

C.M.O.S.—part 2. 

Analogue multipliers. 

R.m.s./ log./power law circuits. 


circuit ® 
designs 

Collected Circards 


P Williams /J Carruthers /J H Evans /J Ki nsler 



wireless 

world 


General Sales Department, IPC Business Press Ltd., 

Room CP 34, Dorset House, Stamford Street, London SEl 9HJ. 


I ORDER FORM 
j To: General Sales Department, 

I IPC Business Press Limited, Room CP34, Dorset House, 

I Stamford Street, London SEl 9HJ. 

j Please send me.copy/s of 

j Circuit Designs — Number 3 at C14- 50 each 

I inclusive. I enclose remittance value C.. 

I (cheques payable to IPC Business Press Ltd.) 

j NAME. 

I (please print) 

I ADDRESS 

I Company registered in England and a subsidiary of Reed International Ltd. 
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Appointments 


Advertisements accepted 
up to 12 noon Friday, 
October 27 for the De¬ 
cember issue, subject to 
space being available. 


DISPLAYED APPOINTMENTS VACANT: £7.50 per single col. centimetre (min. 3cm). 
LINE advertisements (run on): £1.10 per line, minimum three lines. 

BOX NUMBERS: 50p extra. (Replies should be addressed to the Box Number in the 
advertisement, c/o Wireless World, Dorset House, Stamford Street, London SEl 9LU.) 

PHONE: Barry Leary on 01-261 8508 

Classified Advertisement Rates are currently zero rated for the purpose of V.A.T. 


•*. . With the Post Office 
,, , "N Maritime Service, you 

can do the job your’re trained for, and 
still work close to Imme! 

Several coast stations need'qualtfied Radio 
Officers to carry out a wide variety of duties, fanging 
'from Morse and teleprinter operating to traffic 
circulation and radio telephone operating. It’s a 
secure job that pays well, and if you’re ambitious, 
the prospects of promotion to senior management 
are excellent. 

You must have a United Kingdom Maritime Radio 
Communication Operator’s General Certificate or 
First Class Certificate of proficiency in 
Radio-telegraphy or an equivalent certificate issued 


by a Commonwealth Administration or the Irish 
Republic. And, ideally, you should have some 
sea-going experience. 

Salary starts at 25 or over around £4093 and rises 
after three years to about £5093. (Starting salary for 
those between 19-24 varies between £3222-£3732). 
Overtime is additional, and there is a good pension 
scheme, sick-pay benefits and at least 4 weeks’ 
holiday a year. 

For further information, please telephone Andree 
Trionfi on Freefone 2281 or write to her at the 
following address: 

ETE Maritime Radio Services Division (WW/B/7), 
ETE 17.1.1.2, Room 643, Union House, 

St. Martins-le-Grand, London ECIA lAR. 


No more long goodbyes 

f' Radio Officers 


Post Office Telecommynications 



CCTV ENGINEER 



AUDIO + VIDEO LTD. 

SENIOR VIDEO ENGINEERS 
AND HIGH GRADE 
TELEVISION ENGINEERS 

Because Audio + Video are the largest video duplicators in Europe, we 
naturally have a lot of high-class equipment tp produce our top quality 
video-tapes. We have in house, the Marconi D.I.C.E., the Rank Cintel 
Flying Spot Telecine, the RCA TK28 Telecine, TR60, TR70c and 
Ampex 2000 2 Quad machines, Sony D100 duplicator, 2850, 
2600, 2030, 2630, Betamax, Philips VCR 1500 and 1700, VHS, 
Keyline editor, etc. 

We now requjte Senior Video Engineers with experience of 
of k We'^w^pay sala'hM in exce^^^^ 

Please contact Cliff Carroll on 01-580 7161. 




• DESIGN / DEV 
. TEST 

• FIELD SERVICE 
High Salaries - Most Areas 
Phone 01 - 731 4353 

(8515) 
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Marconi Instruments 

ELECTRONIC 
TECHNICIANS 


Opportunities for the experienced and some¬ 
times inexperienced in St. Aibans and Luton. 

Work situations range from fault finding on PCB’s 
and components, to batch product testing of 
equipment that utilise very advanced techniques 
including microprocessors and the repair/ 
calibration of all manner and types of test 
instruments. 

Attractive salaries and, where appropriate, 
relocation are offered for the right candidates. 
Further information may be obtained in confidence 
from John Prodger 
Marconi Instruments Limited, 

Longacres, St. Albans, Herts.tetSt. Albans, 59292 

4 «|> 

A GEC-MARCONI ELECTRONICS COMPANY 



THE MOMENT OF A COUPLE 

Who but an engineer would realise this is serious technology — that w 
as interested in your cerebral prowess as your manual dexterity. Enoc 
nether regions, concentrate on our vacancies. 

THEY INCLUDE: 

PROJECT LEADER 

fora new range of A.T.E. si 


YOUNG ENGINEER 

graduates in relevant hardware and software. West Country, to £4,500. 

ANALOGUE DESIGN ENGINEERS 

, for work on Thyristor-controlled fire control systems in Aircraft. — A great 
Desert regions To E6,000, Berks. 

SYSTEMS DESIGN ENGINEERS 

for.some of the most advanced military work of the century involving interfacing 
avionic equipment to a special type computer. New factory/atmosphere for a 
well-known firm in Berks., to £7,500, 


iking — whether you ar 


, a computer engim 
trd or just an ordins 
re the Sales team. 


Charles Airey Associates 

PROIAIIV THE BEST KNOWN SUPPLIER OF ELECTRONICS ENGINEERS IN THE COUNTRY - 
FINKNCISL TIMES 

155KNIGHTSBRIDGE, LONDON, SW1. TEL 01-581 0286 


Electronics Engineer 


Telemotive U K Limitedisa Company in association with a major 
U.S A. manufacturer with world leadership in the radio control of 
industrial machines, systems, and processes, in collision 
prevention, in remote positioning, and in other industrial 
electronics activities. 

Our principal products are founded on the Near Field Induction 
Effect and on other inductive techniques in the 300 kHz band. No 
other U K. Company has a comparable product line, and our 
business therefore offers engineering experience of unusual 
interest. Training in our techniques is provided. 

Our current requirement is for a young engineer with versatile 
abilities because at different times the work will involve application 
engineering, testing, commissioning of systems on customers' sites, 
field and base service, the anglicisation of designs originating in 
other countries, and a measure of production control. In each of 
these fields there is scope for personal engineering contributions. 


Telemotive is a good employer. It only employs people who are 
exceptional in their particular job, and it treats them accordingly. 
The salary will depend upon the capability of the chosen applicant. 


Please forward personal details tc 


c 


Telemotive U.K. Limited 


TELEMOTIVE HOUSE, 100 HIGH ROAD 
BYFLEET, WEYBRIDGE, SURREY 
BYFLEET 47117 

































/ 


Don’t keep 
it to yourself % 


O 


'I 


% 


We need your knowledge and experience 

* With sound practicafexperience and the necessary qualifications - degree, 
diploma, professional qualifications. HND. HNC. FTC. etc., depending on your 
specialisation - you can train as a lecturer in Further and Higher Education. A 
one-year grant-aided course will prepare you to teach in one 6f the following fields: 
Agriculture & Horticulture • Business Studies • Catering & Allied Subjects • 

Clothing & Fashion • Construction • Education for the Disadvantaged • 
Engineering • Nursing & Health Studies • Management • Mathematics • 

Printing & Graphic Arts • Sciences • Social Work 
For f- inner details, either .phone or send the coupon to any of the following colleges;- 
Boiton College of Education (Technical). Chadwick Street. Bolton BL2 1JW. 

Tel: Bolton 22132. 

Garnet College. Downshire House. Roehampton Lane. London SW154HR. 

Tel: 01-7896533. 

The Polytechnic. Huddersfield. Holly Bank Road. Lindley. Huddersfield HD3 3BP. 

* Tel: Huddersfield 25611. 

Wolverhampton Polytechnic. Faculty of Education. Compton Road West, 
i Wolverhampton. WV3 9DX. Tel: Wolverhampton 24286. ^ 

0 Please send further details and an application form for a one-year course to tram as a lecturer. 

NAME- 


NV ADDRESS. 






•^OoNCn 
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While you're sitting there, looking through 
the limited available sources of job 
information, we re being asked if you're 
interested in better opportunities and higher 
earnings. 

If we don't know about' 
the questions. This is how Lansdowne 
Appointments Register works. 

You complete and post the coupon below. 
We send you a confidential application forrr 
which you fill in at your leisure and return to 
us. We ll then compare your skills and 
ambitions to the personnel needs of over 
3,000 good employers, big and small. 
Matching them is a precise business. One 



Appointments 


thing we ask you, is which companies should 
not be told about you. No-one on your list 
will ever know you're looking around. When 
all your requirements compare favourably, 
we send the employer your information. 
Pretty soon, you should be contacted 
directly, by someone who thinks you're 


scoupon 

and take the same simple step to a better 
career as thousands of others before you. 

Lansdowne Appointments Register. 

Design House, 

The Mall, 

London W5 5LS. 

Tel: 01-579 2282 
(24 hour answering 
service). 


3,000people 

Jiavebeenasklngus 
about you.—^ 


I 
I 
I 

’> I 

(8636)M 


GUILDFORD & DISTRICT ENGINEERING 
TRAINING ASSOCIATION LIMITED 
SLYFIELD GREEN, GUILDFORD, SURREY 

have a vacancy for 

ELECTRONICS 

INSTRUCTOR 



000 


ELECTRONIC MAINTENANCE 
SUPERVISOR 
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Sales Engineering 
Opportunities 

-Avionics 
Acoustics and 
Field Telephones 

[DSBOO 


Communicate with Racal 


Racal Acoustics Limited, a member of the world-renowned Racal Electronics Group, 
is a major manufacturer of aircraft communication control systems, military field-telephones 
and acoustic ancillary equipment. 

Recent expansion has given rise to excellent opportunities at our Wembley. Middlesex. 
Head Office, for Sales Engineers in all three of the above product areas Specific vacancies 
exist for: 

•Avionics Sales Engineer 

•Sales Engineer (Telephone Systems) 

•Sales Engineer (Acoustics) 

Applicants should be aged 25+. possess a sound education and have a good technical 
background, preferably in the field of avionics, acoustics, public military telephone 
equipment or related areas 

The successful applicants (male female} will mainly be responsible for visiting and 
corresponding with existing and potential customers, demonstrating the Company s 
products, processing customers enquiries and assisting with exhibitions. 

For the above positions, the Company offers an attractive remuneration package, 
together with over four weeks' annual holiday, pension and free life-assurance scheme 

If you wish to be considered for these challenging positions, please write, in full 
confidence, giving details of education, experience and present salary to: 

The Personnel Officer. RACAL ACOUSTICS LIMITED, 

Beresford Avenue. Wembley, Middlesex, 



ELECTRONICS 

TECHNICIAN 


The Department of Human An 
requires an Electronics Technir 

Electron Microscopes, closed 


Applicatior 
tions and | 

closed cirr 


Professor C. G. Phillips, FRS 
Dept, of Human Anatomy 
South Park Road 
Oxford 0X1 3QX 

(8612) 


Lambeth, Southwark and Lewisham AHA (T) 

Guy's Health District 

Medical Physicist 
Technician III 

Salary £4098 rising to £5142 inclusive 

Required for the Department of Clinical Physics and 
Bioengineering. The Technician (male /female) will join a team of 
Physicists and Technicians engaged on design, development, 
maintenance and repair of a wide range of electromedical 
equipment. 

Minimum qualifications are H.N.C. or O.N.C. and at least 3 years’ 
experience as a qualified electronics/electrical technician. 

Application form available from the Personnel Officer, Guy's 
Hospital, St Thomas Street, London SE1 9RT. Telephone: 
01-407 7600, Ext. 3462. 

(8634) 



INSTRUMENT 

TECHNICIANS 

FOR THE OIL INDUSTRY 


NEC Gas, the onlyBritish company offering formation mud 
logging services to the oil industry, is rapdily increasing its 
penetration in both North West Europe and Overseas. 

This expansion has created excellent opportunities for 
experienced Instrument Technicians to become involved in a 
variety' of development, commissioning and maintenance 
projects both on and offshore. Although based at Kilwinning, 
Ayrshire, offshore working would amount to a total of around 
too days per year and candidates would be expected to 
travel, sometimes at short notice, both in Europe and 
Overseas. 


Applicants should be qualified to H.N.D. standard and 
have at least 3 years' experience in industrial electronics, 
electronic process instrumentation or a related field. Although 
not essential, experience with digital logic systems and/or 
gas analytical instruments would be an advantage. 

Candidates in good physical shape who can show above 
average commitment both in initiative and in the ability to 
work under arduous conditions will be suitably rewarded by 
the company, financially as well as in terms of career 
progression. 


Write or telephone: 



NEC Gas Analytical Services 
International Ltd., 

2/4 Simpson Place, 
Kilwinning, Ayrshire. 

Tel: 0292 41752 
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^ A secure and rewarding ^ 


career in 

Telecommunications 
and Instrumentation 

Hertford/East Anglia based 


Eastern Gas is a major Region of today’s energy industry and we are 
currently operating and developing sophisticated Communications and 
Instrumentation Systems for operational and business purposes. 
Continued expansion in these fields has now created a number of 
important vacancies for maintenance staff at our Central Workshops in 
Hertford and various Field Depots throughout East Anglia. 

The duties, which are both varied and interesting, involve the mainte¬ 
nance of a wide range of Communications and Instrumentation 
equipment and candidates should ideally be qualified to ONC/C & G 
level and have some experience in one of the following: 

Radio / Multiplex; 

Telemeti^ or Digital/Logic Systems; 

Electronic/Pneumatic Instrumentation. 

Starting salary will be in the range £3540-£4332 plus the 
appropriate Weighting Allowance, and usual major ben¬ 
efits. 

Application forms from N. H. Griffin, Personnel Officer, 

Eastern Gas, Star House, Mutton Lane, Potters Bar, Herts 
EN6 2PD. Telephone Potters Bar 51151 ext 426. 




EASTERN GAS 




\ 


COMMUNICATIONS 

TECHNICIAN 


£5,070-£5,945p.a. 3 -day week 


Amongst the variety of services provided by the Port of London Authority is the 
maintenance of telecommunications equipment which helps to ensure the safe and 
efficient operation of the Port. 

We are currently looking for a telecommunications specialist with radar and telemetry 
experience to become involved with the maintenance and installation of the 
sophisticated equipment on which this vital service depends. The equipment includes 
VHF and UHF, radio, radar, microwave telemetric links and UHF telemetry located 
between Tower Pier and the Royal Docks. Based at North Woolwich you will therefore 
become involved in a variety of interesting work in which you will be expected to act on 
your own initiative in a variety of locations. The three-day, 35 hour week i^ worked in 
12 and 11-hour day shifts. 

You should have ONC or equivalent Service qualifications but it is imperative that your 
background includes at least 5 years' experience of radar and radio maintenance. You 
must also possess a current driving licence. 

The salary scale ranges from £5,070 p.a. to £5,945 p.a. and the commencing rate of pay 
will be the lowest point in the scale. 

Please apply for an application form by ringing 01-476 7555 or by writing to the 
Personnel Manager, Port of London Authority, Basin South, North Woolwich, 

London E16 2QF. 



PORT OF LONDON AUTHORITY 
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Communicate witii Racal 


Electronic 
Design Engineers 
up to £7,000 p.a. 

Windsor 

HXDBOa 


• Sateli ite Communications 

• Digital Techniques 

• Linear Techniques (Audio—S.H.F.) 

• Microprocessors 

With an impressive record of growth and profitability fn thelield of sophisticated 
communicationseystems and equipments, RACAL (SLOUGH) LIMITED 
now seek additional Engineering Staff at all levels. 

These positions present outstanding opportunities for Engineers (male 
female) who, working near the state of the art, can make a real contribution 
to the design and development of advanced new equipment. Successful 
candidates will be involved from the initial feasibility study through all stages 
of development up to early production. 

These appointments carry excellent salaries and first-Class prospects. 

For the more senior posts a remuneration package of up to £7,000 per 
annum could be offered. 


Please write, with details of age, experience and prese»^*atary, to: 
Personnel Officer, RACAL (SLOUGH) LIMITED, Wtr^, Berks 
(Tel.' Windsor 69811) ,.j ■ 


|~ELE(m«NICS 
'ENGINEERS' 


Areyou|iartolateani,or justa 
face in the crowd? 


Eley, the country’s leading sporting and 
target ammunition manufacturer, based in 
the West Midlands, need two people to fill 
newly-created posts. 
Challenging work with a small team 
responsible for the smooth running of 
electronic systems which control our 
production plants. 

The systems involve mainly digital/ 
analogue electronics, some using 
microprocessors and mini-computers, 
which interface with hydraulics, electrical 
systems, pneumatics, optics and various 
transducers. You’ll also assist in the 
commissioning of new plant and the 
production of maintenance manuals. 
Qualifications - HNC or equivalent in 
electronics and control, with at least two 
years experience in the computer and 
technological field. 

If a good salary, excellent chances of 
promotion and relocation expenses, 
interests you then please write or 
telephone for an application form, to: 
r—>vDavid Roberts, Personnel Manager, Eley, 

iMlh 


Tel: 021-356 4848 ext. 2277. 


ELEY 




Of''^ 


DECCA COMMUNICATIONS LTD. 
situated in Sevenoakft, Kent. 


To work on their new rane««f High Frequency 
Radio Systems and to su|J«iViSe a small but 
expandingTest Department. 

Candidates should have S years' 

experience intheorg8niil(tWWf operation and 
supervision of a Test DefliilMfAfii: Preference 
will be given to applicatrtfUKrfth experience in 
H.F. Receivers and high H-F. Transmitters. 
A competitive salary wilTW Offered along with the 
substantial fringe benefits aerociated with a major 
company. 

Appropriate qualification* and experience 
should be sent, together with any service with 
H.M. Forcesto: 


Mr. C. Tyas, Person net Asefstant, 
Decca Limited, Decca HtMise, 9 Albert 
Embankment. London 8E1 7SW. 


thf Ouecn's Award lot 
fi»pertAcfiicvemen( 
UDttcaLrd 1976. 
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RADIO COMMUNICATiT^ 

ENGINEERS AND RADIO 
PAGING ENGINEERS 
NEEDED 

£4.900 AND £4.400 

Applications are invited for .the 
above positions. Dpa to ppn 
tinuing expansion we need *«-_ 
gineers at our London depot aftd 
also our new branch at HerfOW. 
Middx. \A/e are London's ler^i 
independent radio-tetepflb^ 
company, and would t>e 
ested in hearing from you d ^ 
have knowledge of mobile y fT.f ■ 
equipment. Contact Mike’Raw¬ 
lings or Bill Clarke on 01-328 
5344. 

London 


_ 18628) 

30 Boundary Road. London, 
NW^alaghonaOl^^ 


RADIO TECHNICIANS 

Keep pdiice 
lines open 


4 


Police depend on communications equipment every hour of the 
day — so it this equipment suddenly acts up, the police are 
seriously handicapped. That's where you can make a difference. 
As a Police Radio Technician in Central or South London, 
you'll help make sure our wide range of equipment is in top 
working condition. 

Qualifications; two years' experience together with either C & G 
■felecommunications Technicians Intermediate Certificate; ONC or 
equivalent. 

Salary: from £3092 - £4165 p.a. according to age at entry, rising to 
£4717 p.a. including Inner London Weighting Allowance. There are 
substantial extra allowances for those employed on shiftwork at_ 
New Scotland Yard. Benefits include day-time release to study ^ 
for higher qualifications, assistance with course fees and 
4 weeks' holiday a year. Good prospects of promotion. 

For details and an application form, contact: 

The Secretary, Room 213/WW/RT, 105 Regency Street, 
London SW1P 4AN. Telephone 01-230 3122 {24-hour 
answering service). 

■ (8591) 


ire are 
ork at 
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Electronics Development Engineer 

How do you refine Europe’s best in film processing? 

You accomplish this through applying your creative engineering talents 
to increase our capaicty for future business by improving the operation 
methods and equipment at our laboratories in Denham. Rank Film 
Laboratories is already recognised as the most advanced motion picture 
and television film processor in Europe with all throughput controlled by 
a central mini-computer but we naturally have long-term objectives for 
the future and will be relying on you to help meet them. 

In a nutshell, your brief will be to explore the undoubted potential for 
further process-controlled systems, examining problems and coming up 
with effective solutions in terms of new equipment or systems. You will 
have every opportunity to conceive and implement innovative 
suggestions based on your knowledge of microprocessor technology and 
digital and analogue developments. Aged 25-45, you should also have an 
electronics degree and at least two years’ industrial experience in the 
design/development of process control equipment. 

For the right man or woman, it’s an exciting position, which 
willcvenerate change within the company. Salary is around £6500 p.a. 
and benefits are as you would expect of a successful international 
company. 

For further information, please telephone Colin Mossman, Technical 
Manager, on Denham 2323 or write for an application form to The 




ELECTRONICS 

TECHNICIAN 




SENIOR SYSTEMS 
TEST ENGINEER 


stin MSI and LSI U 


d to at least H.N.C. le 


74 Series T.T.L. A 





SENIOR ENGINEER 


io Links section. The w 



e on 01-637 3144 for an 


MEDICAL PHYSICS 
TECHNICAN II 
(ELECTRONICS) 








SALES ENGINEER 







Thomas, Lindsay. Speciality Pro- 

^ 
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151111 ” 



sHii 







Electronic 
Test Engineers 


Drding c 


, recording studios 


The success of such films as "Star Wars" and "Close Encounters of the Third Kind" 
has led to an increased demand for our cinema equipment and contributed to our 
need for experienced test engineers for all our professional products. 


If you have prt 
test, calibrate < 
quality and delivery 


01-720 1111. 


□□Dolby 


346 Clapham Road 
London SW9 9AP 

01-720 11 11 
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Electronic 
Engineers!, 

Get your 
career 
off the 
ground I 

And enjoy these benefits 


We're a small, dynamic avionics company In Hastings, 
ready to go places I But we need some young, talented 
electronics engineers to go with us I 

Our projects are exciting. We are already in the 
forefront of avionics technology and daily breaking new 
ground in that field and in the field of ground support 
automatic test equipment with special emphasis on 
microprocessor technology. 

Prospects are just as exciting ! You can look forward to 
generous re-location allowance - assistance in obtaining 
mortgages locally - well designed career development 
plans including payment of tuition fees - superb working 
environment - free life assurance - superior pension and 
disability plans - paid sick leave - 3 to 5 weeks holiday - 
Luncheon Vouchers-and even a company car could be 

Your salary will be as high-powered as you are I 
Electronic Design and Development Engineers to 
£7,000 

Our/dea/holdsan Honours Degree in a relevant discipline, 
with years of experience in high-grade avionic digital 
circuitry. 

Software Engineers to £5,750 
Our/dea/graduated in Computer Science, and is now 
skilled in programming in Assembler Code and/or Coral 66. 
If you also have experience in interfacing with hardware or 
small systems - you're our successful candidate. 

Project Engineers to £6,000 

Our/dea/hasa good Degree in Electronics or HNC/HND 
in electrical/electronic subjects. 


COMPUTING DEVICES 
(SSCQMmNY LIMITED 

CONTRpL 

DATA P.O. Box 10 Castleham Road St Leonards-on-Sea 
East Sussex TN38 9NJ 
Telephone: (0424) 53481 



Lead the world 
withFROUDE. 



Total Test Plant Technology 

froude Engineering Limited are world leaders in total 
test plant technology. Our steady expansion, based on 
a century of experience in the design and manufacture 
of dynamometers and ancillary equipment, provides 
employment for nearly five hundred people. So why 
not join Froude now and help to lead the world in 
total test plant technology. Join Froude and enjoy the 
countryside of Malvern^Hereford and Worcester. 

Due to expanding business activity, the Electronics 
Products Department have vacancies for the 
following staff :- 

PROJECT ENGINEERS 

Responsible for estimating, contract 
design/administration and customer liaison. 

We expect successful applicants to be qualified 
to degree level and previous experience with 
industrial electronics or instrumentation would 
be an advantage. The position offers excellent 
career opportunities. 

TEST AND 

ENGINEERS COMMISSIONING 

For both in-house and on-site testing and 
commissioning of the department’s products. 

The work will involve travelling both within the 
U.K. and overseas. 

The position would be of interest to newly 
graduated engineers seeking experience and 
career opportunity. 


PROJECT DESIGNERS 

To join a newly equipped drawing office on 
projects involving industrial electronics, 
instrumentation and medium power 
distribution systems. Experience in these or 
allied areas would be an advantage. 

We can offer very attractive salaries, good 
working conditions and relocation expenses 
will be paid where appropriate. 


Please contact Mrs.Barbara Thomas, Personnel Officer, 
for an application form. 


Froude Engineering Limited 

Gregory's Bank, Worcester, WR3 BAD.Tel: 0905 27166. 





























. AMBITIONS 

> IN 

. COMPUTING? 

improve your life style. 

DESIGN -TEST 
SERVICE - SUPPORT ' 
SALES - SOFTWARE 

> For expert confidential 
vice contact GEC 
ALDRIDGE. 

^ 01-229 9239 

11 Westbourne Grove 


radiocommunIcati^ 

ENGINEERS AND RADIO 
PAGING ENGINEERS 
NEEDED 

£4,900 AND £4.400 


Applications are invited for .the 
above positions. Dpe to epn- 
tinuing expansion we nee<^'M- 
r London depdr»M 
branch at 
Middx. We are London'c lw{if|$l 
independent radio-tafep«ot{|bl 
company, and would jnyjtf 
ested in hearing from you If yoi 
have knowledge of mobile y.H.F 
equipment. Contact Mike’Rayy- 
lings or Bill Clarke on 01-328 
5344. 

London 


JEquipmMit) 

30 Boundary__, 

fgj^TajjgioroO^^ 


RADIO TECHNICIANS 

Keep police 
lines open 


4 


Police depend on communications equipment every hour of the 
day — so if this equipment suddenly acts up, the police are 
seriously handicapped. That’s where you can make a difference. 
As a Police Radio Technician in Central or South London, 
you’ll help make sure our wide range of equipment is in top 
working condition. 

Qualifications: two years’ experience together with either C & G 
telecommunications Technicians Intermediate Certificate; ONC or 
equivalent. 

Salary; from £3092 - £4165 p.a. according to age at entry, rising to 
£4717 p.a. including Inner London Weighting Allowance. There are 
substantial extra allowances for those employed on shiftwork a^ 
New Scotland Yard. Benefits include day-time release to study 
for higher qualifications, assistance with course fees and 
4 weeks’ holiday a year. Good prospects of promotion. 

For details and an application form, contact: 

The Secretary, Room 213/WW/RT, 105 Regency Street, 
London SW1P 4AN. Telephone 01-230 3122 (24-hour 
answering service). 


ire are 
ork at 
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Electronics Development Engineer 

How do you refine Europe’s best in film processing? 

You accomplish this through applying your creative engineering talents 
to increase our capaicty for future business by improving the operation 
methods and equipment at our laboratories in Denham. Rank Film 
Laboratories is already recognised as the most advanced motion picture 
and television film processor in Europe with all throughput controlled by 
a central mini-computer but we naturally have long-term objectives for 
the future and will be relying on you to help meet them. 

In a nutshell, your brief will be to explore the undoubted potential for 
further process-controlled systems, examining problems and coming up 
with effective solulions in terms of new equipment or systems. You will 
have every opportunity to conceive and implement innovative 
suggestions based on your knowledge of microprocessor technology and 
digital and analogue developments. Aged 25-45, you should also have an 
electronics degree and at least two years’ industrial experience in the 
design/development of process control equipment. 

For the right man or woman, it’s an exciting position, which 
willcvenerate change within the company. Salary is around £6500 p.a. 
and benefits are as you would expect of a successful international 
company. 

For further information, please telephone Colin Mossman, Technical 
Manager, on Denham 2323jir write for an application form to The 



TELEVISION 

ENGINEERS 

SENIOR SYSTEMS 

TEST ENGINEER 


latest in MSI and LSI techniques in real-time application^. 

The right candidates will be qualified to at least H.N.C. level and/or 






The provides 4 weeks’ holiday and pension scheme. Salary 


Phone bUx!°DATEK SYSTEMS LTD. 


849 HARROw'rOAD, WEMBLEY, MIDDX. 

01-904 0061 ,8643) 


ITN 

ELECTRONICS 

TECHNICIAN 

SENIOR ENGINEER 

Independent Television News Ltd. has a vacancy for a Senior Engineer 




^lary: £5,920 per annum. 

Please telephone the Personnel Office on 01-637 3144 for an 




THE ROYAL FREE HOSPi;;r 

MEOrCArPHYSICS 
TECHNICAN II 
(ELECTRONICS) 








Thomas, Lindsay Speciality Pro- 
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UK SALES 
ENGINEER 




Electronic 
Test Engineers 



□□Dolby 


Dolby Laboratories Inc 
346 Clapham Road 
London SW9 9AP 
Telephone 01-720 1111 
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Electronic 
Engineers! 

Get your 
career 
off the 
ground! 

And enjoy these benefits 


We’re a small, dynamic avionics company in Hastings, 
ready to go places ! But we need some young, talented 
electronics engineers to go with us ! 

Our projects are exciting. We are already in the 
forefront of avionics technology and daily breaking new 
ground in that field and in the field of ground support 
automatic test equipment with special emphasis on 
microprocessor technology. 

Prospects arejust as exciting I You can lookforwardto 
generous re-location allowance - assistance in obtaining 
mortgages locally - well designed career development 
plans including payment of tuition fees-superb working 
environment - free life assurance - superior pension and 
disability plans - paid sick leave - 3 to 5 weeks holiday - 
Luncheon Vouchers-and even a company car could be 

Your salary will be as high-powered as you are! 

Electronic Design and Development Engineers to 
£7,000 

Our/dea/holdsan Honours Degree in a relevant discipline, 
with years of experience in high-grade avionic digital 
circuitry. 

Software Engineers to £5,760 
Our/dea/graduated in Computer Science, and is now 
skilled in programming in Assembler Code and/or Coral 66. 
If you also have experience in interfacing with hardware or 
small systems - you're our successful candidate. 

Project Engineers to £6,000 

Our rdea/ has a good Degree in Electronics or H NC/H N D 
in electrical/electronic subjects. 


COMPUTING DEVICES 
(SSCOMPANY LIMITED 

CONTRpL 

DATA P.O. Box 10 Castleham Road St Leonards-on-Sea 
East Sussex TN389NJ 
Telephone: (0424) 53481 



Lead the world 
withFROUDE. 



Total Test Plant Technology 

froude Engineering Limited are world leaders in total 
test plant technology. Our steady expansion, based on 
a century of experience in the design and manufacture 
of dynamometers and ancillary equipment, provides 
employment for nearly five hundred people. So why 
not join Froude now and help to lead the world in 
total test plant technology. Join Froude and enjoy the 
countryside of Malvern^Hereford and Worcester. 

Due to expanding business activity, the Electronics 
Products Department have vacancies for the 
following staff ;- 

PROJECT ENGINEERS 

Responsible for estimating, contract 
design/administration and customer liaison. 

We expect successful applicants to be qualified 
to degree level and previous experience with 
industrial electronics or instrumentation would 
be an advantage. The position offers excellent 
career opportunities. 

TEST AND 

ENGINEERS COMMISSIONING 

For both in-house and on-site testing and 
commissioning of the department's products. 

Th^ work will involve travelling both within the 
U.K. and overseas. 

The position would be of interest to newly 
graduated engineers seeking experience and 
career opportunity. 


PROJECT DESIGNERS 

To join a newly equipped drawing office on 
projects involving industrial electronics, 
instrumentation and medium power 
distribution systems. Experience in these or 
allied areas would be an advantage. 

We can offer very attractive salaries, good 
working conditions and relocation expenses 
will be paid where appropriate. 


Please contact Mrs.Barbara Thomas, Personnel Officer, 
for an application form. 


Froude Engineering Limited 

Gregory's Bank, Worcester, WR3 BAD.Tel: 0905 27166. ; 




(8635) 
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SITUATIONS VACANT 


Classified 


EXCLUSIVE OFFER 


Printed Circuit 
lechnicians 

The Switching Main Exchange Products Division of 
STC requires Senior and Junior Printed Circuit Tech¬ 
nicians in their Model Shop. 

To produce high quality small volume experimental 
single sided, double sided, and through hole plated 
printed circuit boards from engineering schematics. 

These vacancies require thorough knowledge of the 
processes used in the production of the above type of 
printed circuit boards, including the production of the 
necessary silk screens. The successful candidates will 
also be responsible for liaison with the chemical 
laboratory to ensure correct operation of process tanks. 

No formal qualifications are required but at least four 
years experience of printed circuit board manufacture 
including process baths and dry film resist techniques 
is required for the senior positions and 1-2 years for the 
other vacancies. 

For further information, telephone or write to: 

Maureen Renouf, Switching Main Exchange Products 
Division, Standard Telephones and Cables Limited, 
Oakleigh Road South, New Southgate, London Nil 1HB. 
Tel: 01-368 1200 Ext. 3141. 

Changing the face 

O I w of communications worldwide 






EXPERIENCED 

ENGINEER 

REQUIRED 

Must have knowledge of all 
types of electronic musical 
instruments. 



Radio Communications 
Electronics Engineers and 
Software Designers 

Mid-Sussex - S.W. London 

Salaries up to £7,000 

R°i°'s^tmiTL"from ^ ^ 






».C.IH*^SS6«to l.r. . C70.00 

* Rim RA^ LS B TraHSislorissB CMWittrs 















































































































The successful applicant will join a 1 
industry and should have a degree 
with some digital design experience, i 
The ability to work on his/her own ir 
outside suppliersisessential. 


Thom Consumer Electronics 
Limited, leading manufacturers of 
television and audio equipment in 
the U.K., wish to appoint an 
experienced Design Engineer for 
their Research and Engineering 
centre at Enfield. 


am investigating new ideas and systems for the television 
r equivalent, with at least two years in television design, 
nd be preferably under 35 years of age. 
tiative, liaising with internal development departments and 


TIME OF DAY OUTPUT. High per¬ 
formance, phase locked loop radio 
receiver, 5V operation ’ 

second UED Indication. — - 

plete with tuned ferrite rod aerial 
£14.08 (including postage and 
VAT). Assembled circuit and cased- 
up version also available. Send 
for details, Toolex, Sherborne 
(4859), Dorset. 


WE INVITE ENQUIRIES from a . 
where in the world. We have d 
stock several million carbon resii 
tors, i, i, i and 1 watt, i million 
wire wound resistors 5 and 10 watt 
— 1 million capacitors — 1 million 
electrolytic Condensers — J million 
transistors and diodes, thousands 
of potentiometers, and hosts of 
other components. Write, phone or 
call at our warehouse. — Broad- 
fields and Mayco Disposals Ltd., 
21 Lodge Lane, North Finchley, 
London, N.12. 01-445 0749 


Please apply in writing, stating age, experience and qualifications to 

The Personnel Manager (DE/WW) 

Thorn Consumer Electronics Ltd. 

Great Cambridge Road, Enfield, Middlesex EN1 1UL 
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COLOUR, UHF ANO TV SPARES. 
CREFAX, ORACLE IN COLOUR. 

MANOR SUPPUBS 'EASY TO 
ASSEMBLE " TELETEXT KIT. 
Including TEXAS Decoder. Aerial 
Input, completely external unit, no 
further connections to set. Full 
facilities, mixed TV programme 
and Teletext, Newsflash. Update, 
and many special features 


_ COMBINED COLOUR BAR 

GENERATOR PLUS CROSS HATCH 
KIT (Mk4) UHF Aerial input type. 
Eight vertical colour bars plus K-Y, 
B-Y, Luminance combinations. Grey 
scale etc. Pushbutton controls. 
Battery operated £35*, De Luxe 
case £4.80*, aluminium case £2.40*, 
battery holders £1.50*, mains sup¬ 
ply kit £5.78*, p/p £1.00. Built and 
tested (battery) £58*, p/p £1.20. 

CROSS HATCH KIT, UHF Aerial 
Input type, also gives peak white 
and black levels. Battery operated, 
p/p 45p. Add-on Grey Scale 
12.90* p/p 3Sp. Aluminium case 
I 85p. Cross Hatch Unit, 


kit £2.9( 


. p/p I 

iplete L— _ 

e £20.80*. p/p £1. 




(A807) dec 


FM Tuner Projects by D. C. I 
Kits of parts available, CRT 
and reactivator kit for colour and 
mono £19.80 p/p £1.20. UHF Signal 
Strength Meter kit £18* p/p 90p. 
MS TV IF unit for Hi-fi amps or 
tape recording £6.80 p/p 70p. Decca 
Colour TV Thyristor Power Supply 
Unit. incl. H.T., L.T., etc. Incl. cir- 
—£3.80 p/p £120 Bush A823 
■ decoder panel £7.50. p/p 
__Ji 161 T-B panel A634 £3.80, 
IF panel A583 £3.80 p/p 90p. Bush 
Portable TV IIV stab power supply 
unit £4.80 p/p £1. Bush CTV 25 
Convergence Panel plus yoke, blue 
lateral £3.60 p/p 90p. Philips Single 
Standard Convergence Units com¬ 
plete, incl. 16 controls £3.75 p/p 
85p. Colour Scan Coils, Mullard or 
Plessey, £6 p/p 90p. Mullard AT 
1023/05 Converg. Yoke £2.50 p/p 
75p. Mullard or Plessey Blue Later¬ 
als 75p p/p 35p. BRC 3000 type 
Scan Coils £2 p/p 90p. Delay Lines: 
DL20 C3.50. DL50 £3.50. DLIE, DLI 
85p p/p 4Sp. Lum delay lines 50p 
p/p 40p. G8 Tripler £6. BRC 300 
Tripler £6.60 p/p 75p. Others avail¬ 
able Philips G8 Decoder part- 
complete £2.50 p/p 75p. GEC 2040 
Ex-Rental Panels. Decoder £5.00. 
Time Base £5.00, p/p 90p. VARICAP 
TUNERS UHF; Gen. instr. £3.50. 
ELC 1043 £4.50, ELC 1043/05 £5.50. 
VHF: ELC 1042 £4.80, Philips VHF 
£3.80. Salvaged UHF & VHF Vari¬ 
caps £1.50 p/p 35p. VARICAP CON¬ 
TROL UNITS, 3 position, £1.20. 4 
PSN £1.50, 5 PSN £1.80, 7 PSN 
£2.80. Special offer 6 position £1, 
p/p 35p. UHF Transd. Tuners incl. 
slow motion drive £2.80. 4 position 
push button £2.50. 6 psn. £4.20, p/p 
90p. Helical Pots lOOK, 4 for £1.20 
p/p 30p. Thorn 850 Dual Std. Time 
Base panels 50p. Philips 625 IF 
panel incl. oct. 50p p/p 70p. 
Mullard Mono Scan Colls for 
Philips Stella, Pye, Ekco, Ferranti, 
Invicta £2.00 p/p 85p. Large selec¬ 
tion IXlPTs, TOPTs available for 
most popular makes. MANOR SUP- 
PUES 172 WEST END LANE, 
LONDON, N.W.6. Shop Premises. 
Callers welcome. Thousands of ad¬ 
ditional items available not normal¬ 
ly advertised. (Nos. 28, 159 buses or 
west Hampstead-Bakerloo Line and 
British Rail). Mail Order: 64 
Golders Manor Drive, London, 
N.W.ll. Tel: 01-794 8751. V.A.T. 
Please ADD 12i% TO ALL PRICES 
(EXCEPT WHERE MARKED*. ” ‘ " 


8%). 
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AN AGENT required with well e 
tablished connections in the ele 
trical component field in the nor 
east, to work on a commlssit 
basis. Box No. WW84gl. (84: 


INVERTERS 

High quality DC-AC. Also “no 
break” (2ms) static switch, 

19" rack. Auto Charger. 

BUILD YOUR OWN 
9-DIGIT 500MHz 

HIGH QUALITY 
COUNTER 

bhbbhi 


fS 

Interport Mains-Store Ltd. 

POB 51. London Wit 3BZ 

Tel: 01-727 7042 or 0225 
310916 

Case. Hardware aod Circuit Drawings 
provided 

£170 + VAT complete plus £3 
P&P 

Box No. 8659 





WANTED IN 
LARGE 
QUANTITIES 


diodes. TV tubes, especially colours. 

Finished or incomplete products, 
record players, amplifiers, radios, 
tuners, tape recorders, enclosures. 

pay cash. 

TEL. 01-491 463o 
E.C.E. AVON HOUSE 
360/366 OXFORD STREET 

LONDON, W.4 (7950) 


STORAGE SPACE is expensive, why 
store redundant and obsolete 
equipment? For fast and efficient 
clearance of all test gear, power 
supplies, PC boards, components, 
etc., regardless of condition or 
qualities. Call 01-771 9413. (8209 


TURN YOUR SURPLUS Capacitors, 
transistors, etc., into cash. Contact 
COLES-HARDING & Co., 103 South 
Brink, Wisbech, Cambs. 0945-4188. 
Immediate settlement. We also wel¬ 
come the opportunity to quote for 
complete factory clearance. (7439 


ic MINICOMPUTERS 

★ PERIPHERALS 

★ INSTRUMENTATION 

For fastest, best CASH offer, phone 


WE PURCHASE ALL FORMS 

OF ELECTRONIC 
EQUIPMENT ANO 
COMPONENTS. ETC. 

SPOT CASH 

CHILTMEAD LTD. 

7, 9, 11 Arthur Road 
Reading, Berks. 

Tel. (0734) 582 605 


ELECTRONIC EQUIPMENT and 

components bought and sold. Any¬ 
time considered, immediate cash 
settlement. Ring Mr Q. Yateley 
0292 871048 lany time. (8407 


WANTED ALL TYPES R/T equip¬ 
ment urgently, good prices paid. 
Ring Nauto Telecommunications 
Ltd, Norwich (0603 ) 24936 29444. 

(8392 


VACUUM 

Impregnating and degassing 
pumps, tanks, systems, diffu¬ 
sion pumps, components, etc. 
New and secondhand. 

BARRETT'S 
OF CROYDON 
1 Mayo Road 
Croydon, Surrey 
01-684 9917 


MINICOMPUTERS 

PERIPHERALS 

INSTRUMENTATION 

For fastest, better CASH offer 
Phone: 

CHILTMEAD LTD. 

Reading (0734) 586419 


WANTED, all types of communica¬ 
tions receivers and test equipment. 
Details to R. T. & I. Electronics 
Ltd., Ashvllle Old Hall, Ashville 
Rd.. London, E.ll. Ley 4986. (63 


ELECTRONIC SCRAP. Components, 
etc.. Receivers, Transmitters Test 
Equipment wanted. Ferrographs 
from £15 in stock. Contact H & B 
Radio, 86 Bishopgate Street, Leeds 
1. Tel. Leeds 35649. (8611 


WE PURCHASE, FOR CASH the 

following: R. F. Power Transistors. 
Varactor Diodes, and all special 
components normally used in VHF/ 
UHF Transmitting equipment. 
MODULAR ELECTRONICS, 95 High 
Street, Selsey Sussex. PO26-0QL. 
Tel. Selsey 2916. (7696 


STORAGE SPACE is expensive, why 
store redundant and obsolete 
equipment? For fast and efliclent 
clearance of all test gear, power 
supplies, PC boards, components, 
etc., regardless of condition or 


quantities. Call 01-771 9 


(8209 


PCB CLEANING PLANT and tem¬ 
perature cabinet. — Batvale Ltd. 
Tel. Ely 778756. (8656 


Specialiseci PCB S 


Layouts ■ Photography ■ Drilling 
Roller Tinning • Gold Plating 
Legend Printing • Profiling 
Special quick prototype service 

Crofton Electronics Limited 
35 Grosvenor Road, Twickenham 
Middlesex • Tel. 01-891 1923 

8210 


AIRTRONICS LTD. for coil winding 
Large or small production runs. 
Bobbin — Layer — Wave — Bifllar 
— Miniature Toroldals, Alrtronics 
Limited, Gardner Industrial Estate, 
Kent House Lane, Beckenham, 
Kent BR3 lUG. Tel. 01-659 1147. 


BATCH Production Wiring and As¬ 
sembly to sample or drawings. 
McDeane- Electricals 19B Station 
Parade. Ealing Common. London. 


A COMPLETE and efficient PCB 
Service from layout through to as¬ 
sembly. Incorporating quality re- 
liabilitv and price. No order too 
large or too small. Also mechanical 
detailing is undertaken. For de¬ 
tails and free estimates please con¬ 
tact: J. S. Roberts on 01-553 2577 
H.R.C. Artwork Design 45 High 
Street. Maldon, Essex. (7731 
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Classified 


EQUIPMENT WANTED 


We are disposing of a consid¬ 
erable amount of good quality 
test gear including Tektronic 
scopes at silly prices. 

★ Ring Derek Pattinson now 
d discuss your requirements. 

Crofton Electronics Ltd. 

35 Grosvenor Road, 
Twickenham, Middlesex. 

Tel. 01-891 1923 


PRECISION SHEET METAL work, 
chassis, panels, etc., steel, stain¬ 
less or aluminium, long/short runs, 
good deUveries. EES Ltd., Clifferd 
Rd Honkg Road, Exeter $8280 


CIRCUIT DESIGN and prototpye 
construction. Instrumentation, test 
rigs, production run designs to 
your requirements. Professionai 
audio, analogue, digital, SC/MP 
microprocessor circuits our speci¬ 
alities. HAUILL ELECTRONICS 
LTD., Box BCM-2090, London WCIV 


8XX. Tel.: 01-5< 


DESIGN AND DEVELOPMENT, com- 
-rtent engineering effort avaiiable 
-.r all aspects of electronic design. 
Single circuits or complete systems, 
prototype to production run. B.I.A. 
80 Wheatland Lane, Wallasey, Mer¬ 
seyside. 051-839-0122. (8819 


working for Civil' and Gov'ernment 
Departments throughout the world 
in Digital and Analogue Instru¬ 
ments, RF Transmitters, Receivers, 
Telemetery Video Equipment, in¬ 
cluding U.H.F. TV Transmitters and 
Monitors, Cameras, Motoriszed Pan 
and Tilt Heads, general electronics, 
including Micro Processors using 
the latest techniques and hard¬ 
ware. Phone or write Mr. Falkner, 
Electronics, 8 Wolsey Road, 
d Middlesex p-—~ 

53861. 


G8 licence 

course. For details of this and other 
courses (GCE, professional exam¬ 
inations etc), write or phone: The 
Rapid Results College, Dept: JWl, 
Tuition House, London SW19 4DS. 
Careers Advisory Service, 01-947 
■■ ring 01-948 1102 for prospec- 


SIGNAL Generators Oscilloscopes, 
Output Meters, Wave Voltmeters, 
Frequency Meters Multi - range 
Meter, etc., etc., in stock. R. T. 
& 1. Electronics Ltd, Ashville Old 
Hall, Ashville Rd., London " - 


Ley 4 


(64 



BROADFIELDS& 
MAYCO DISPOSALS 

will pay you top prices for any large slocks of 


FOR 

CLASSIFIED ADVERTISING 
RING 

GARRY LEARY 
ON 

01-261 8508 


-CLASSIFIED ADVERTISEMENTS- 

Use this Form for your Soles cmd Wants 

To ‘‘Wireless World” Classified Advertisement Dept., Dorset House, Stamford Street, London, SEI 9LU 

PLEASE INSERT THE ADVERTISEMENT INDICATED ON FORM BELOW 

e Rate £1 . 10 PER LINE.Average six words per line. mamc 

Minimum THREE lines . 

a Name and address to be included in charge if used __ 

in advertisement. ADDRESS . 

a Box No. Allow two words plus 50p. 

a Cheques, etc., payable to "Wireless World " and .. 

crossed " " & Co. " 



PLEASE WRITE IN BLOCK LETTERS. CLASSIFICATION. NUMBER OF INSERTIONS... 
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Dolonce o system...DQlQnce o budget 


Quick and accurate adjustment of 
sound system frequency response is 
finally within the reoch of most 
budgets. The Shure M615A5 
Equolizotion Anolyzer System is o 
revolutionory breokthrough that lets 
you "see" room response trouble 
spots in sound reinforcement ond hi-fi 
systems—without bulky equipment, 
and ot o fraction of the cost of 
conventional onolyzers. 

The portoble, 11 -pound system 
(which includes the analyzer, speciol 
microphone, accessories, and 
corrying cose) puts on equol-energy- 
per-octove "pink noise" test signol 


into your sound system. You ploce 
the microphone in the listening oreo 
ond simply odjust the filters of on 
octove equolizer (such os the Shure 
5R107 orM610) until the M615 
disploy indicotes thot eoch of 10 
octoves ore properly bolonced. You 
con achieve accuracy within ± 1 dB, 
without having to "ploy it by ear.” 

Send for complete descriptive 
brochure. 

Shure Electronics Limited 
Eccleston Rood 
Moidstone ME 15 6AU 
Telephone: Moidstone (0622) 59881 


TECHNICORNER 

The M615 Analyzer's display contains 20 
LEDs thor indicore frequency response 
level in each of 10 octo vfe bonds from 32 
Hzro 16,000 Hz. 

A rorory hi/lo envelope control odjusts the 
HI LED threshold relative to the LO LED 
threshold. At minimum serring, rtie 
resulting fregutncy response iscortea 
within ± 1 do. Includes input ond 
microphone preomplifier overlood LEDs. 
A front panel switch selects either flot or 
"house curve" equolizotion. 

The E5615 Omnidireaionol Anolyzer 
Miaophone (olso ovoiloble seporotely) is 
designed specificolly for equalization 
onolyzer systems. 


ES 
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Toolbox Reels 

Three solders that cover all . 
electrical applications. 
40/60Tin/Lead16SWGsize 3 £2.16 each 
60/40Tin/Lead 22SWG sizel0 £2.38 each 
Savbit Alloy 18SWG s' . 


Economy Pack j 

This convenient dispenser , 
contains enough general I 

purpose solder for about 200 ■ 

average joints. Suitable for I 


Sizes 58p 


Solder Cream 


Handy Dispensers 

SizelOA All electrical work ^3p 

SizePCIlS For small components 69p 

SizeSV130 Use with copper bits and wires £1.08p 
SizeAR140 Metal repairs 86p 

SizeAUSO Aluminium 7^0 

SizeSSieO Stainless Steel jgp 


Savbit Dispenser 

Contains Ersin 
solder which increases 


Size 6 37p | 




iBibGroov- Stat 
I Static Reducer 


ReflOOA £5.98 


Groov-Kleen 


I cleans records while 

lRef2000S/P 

|£3.48 Reg Des. 


Bib Hi-Fi Accessories Limited, 
Kelsey House, Wood Lane End, 
Hemel Hempstead, Herts., HP2 4RQ. 

































